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jfc-J&jj CsL_jJaLjJ| til (Ma $* 1 m SbaJ" 

lit ^ 




S. Poisson Oja»»~a 


oJjst 4 jUJJ s.^ li! ^Ul a^Ip _Lp aJU^UI jJlJ 

^ <£*> <Jj*\ cL^ij^l jl j — £j" sj £ 

^ fj^ C<U«ij .bdl (jUaJ £jL>. IJbr l^uS" 

.jUtJl Jp, ^Jl ojL>- ^JLp jf aIS" 

^ J O^J Vli*>Ul .J^Uai V *SI ji | jj 

4j OJ UjjvaJ j^ dUi Js- JJoJl J t yt\ J[j [S} £ Ip jf 

. £ — iljU L-l£*Jl Jii ^j| uul J| ^ ^UJi j JUL| y> us" lg_ii 
. * 

I • ji (oo) yjl f jkJ I oJus J AjIiMil U Li Ip 

jljj-Ol y» U* ^ ^ juLlLi aV au <Op jUy 

jj^_5 J ^ OLULJI f U ^ Lf IJuj .^i 

ji-UL-*- Lg ~*U 5-Jl£>Ul js^m p43 aJjU J Sjuop 

os-aj gJl JpIjiJl J LgjJl ji Ig^LS J| Js^yU 

• 4pUb jJl (*-Alttit j 


. ... H o*La < JlT 4A- J 
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j\\ 0 . jg\ ^j\ 3 ^ m 

\\ A P ^ j>' * W ^ 3j_^^!li> ‘f ^ 

^ ^ w’y ^ Ji 1 f 1 r*^ ^ u ^ 

4 ^jlS\ c-NI j J ^ O? 3 ' oU25Ui3 ' 


llu M 


» ^ 


jl S^__£ijl OL i tAJp ^ f^" O'* <X/^' ^3^' ^r*->J 

^Ol jL JL_^' j oUM -_< j ^ ^ 4 VI UU ->£? 

. L^jb- v_Jj o* js^j jj^J 

Jlp j^jlH f ^ j*&> ^ lA *^ 

£^J}\ j JlL. (3 O* ^ L^' 

1 ^ p jow- 2uJ^ yU^l" 1933 ^ 

-4.T ^ ^U- j' ^U- ^ a*-^ »“ 'jst* 1 

^ 1 » oi ij .<-3 ^ jt ypT j' 3^ aiUj ^ — 5 'J*~* 

^ bi ^ k 'i * ;' , ~ 3 > j' j * ' ^ u } 43 ^ 

2 jU^U j\ l5 *^.' 4-^J j' 43 Apr 3 J - 

^ ^ c5' ^gr 1 sA ^' N ^ ^ 

,3u^JU>> J>P 5jV^- ^jP J^AJL* j' A^Oi" (_£•* ^ 3 £y?^*0 

p ^ su (^JJl AjJLlftJl j '-^ <Jhl3 

Ju> Lu* c potential Infinite *i-»— j' 

2 jL>^' j Actual Infinite ^UiJl j' lij^ j 

0 j «> ^ Ue C ^ c£>- ^ ‘ U C*^ 

iJ^J l_P*x. A ^ 2j l 


lj ^ L 




J)\ S V y* ^ U'J J 

jU*>Ul aJt ^ J>j£ ot J3 f 1 ^' u 
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r 


Ilf Aj j Abb, Jj-AP ^yil 4JbJj tiJJj £ 1 g . -> Jjff 

J. Lagrange £ — H b jj_p- jbxJl <^>1, ^Jl 



C “* <y cM ^ 1784 f*U- J (f yj j bTilSl -oLbL Jl 

'j^-'j -bilS''^' £-4 j2>l ^Jp ^b -2Llba*il aJb ^U- Ju£ yi ~o jJU • 


JLidl 


o 


a* 

^*■2 *-*' (_£ ^v^L> ^Jt 4 j ^JJjJ 1 Jbv . \ 1 * *i * Ja*- iiba J jJJ-1 

yr* 3-fltoUl" :yb JJ-I J tSjfUrb jli ^JJl Simon Lhuillier jJjfcjJ 

Li jl^il L^i J^iJl^ ^Jl 4 j jUI 

^ A 4 ^ V ^ J (^JJl j-ft ^jJbLl JJ~|j 


- * L5" 


— a JJl ^v^Ij jJl cj^ijIS^ ^ jyr- *4 yl c^JJl y*>j o>L>r 
b-jLi^y! cJlT Uo«j yL$JI JJ-1 L»Jb> LJlj bii aJUMJI S _fj, 

b_;^' — & j' -»l bpfj o J^MJI J jlUt Ja-St j Ablp 

** 

d- -bj 4»bll jl iUlS^Jl aJLO\J| L? *j cAib laJb ^Jl 2 ; a : flJ -l 

• i^jj^z : j jlfT Ibf jl A-£bJj 

I 4 '^ J bL)fc^Ajl ,v Aibs^ oLjI^i .} jPr J Jp 7 yfc 

iiba c yb 

£~ ^ ^b y VUV ib J ^Jp Jvib liSb j Abb, y> 

AJjlb jSic Ajlj c jlJii! ^ u AjUbJl Olp^bl 

JJ bxJl AP^b J pbbJ.1 JaaU Jab ap *> bi .(5 y 

' o! Lb J .jbliV U®bb 

. c^^p'yi ^y* IjlJb j 


7! ^ iSy-^ 3 obLi'^yi y> Cjbjij bj pjua c y- 


jbl j o-iiyji yp b j jp 15 ' j' V] yb j ajU^Ji _, j&}\ j AJii^ji 4 

. Jj jj .-. v jl 6_Lb t^jLS" Uk5" Aj jk^\ 5 ^ij jyM oAA J JiAS 

‘ Kline ,p. 149-150 
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^4 ui COJu^ L jjSJlT ^ \A* o*3 

g __J yjl ^1 J J\i tp-^l ^ t' 5i O*^ ^ J 

5 JU*>UI il-VP^I 2b Jii H.Poincare ajj^IjJ L $r* 

^ ^ ^ *W J>s ^ '• 0 - 

^LjT 01" _, =>0 JL3j •" ^ ^ u^' ^ 

j s^j «ii^t \J t" i ju» o>4 » o* J^ 5 oir ^ 

A JLp Aii iilJbT cjU^Ij J l -b-lj L.Kroneker 

2 ..;0 , Jl „ JUpt 01 j Si ^OJI j el 4 ^ ^ 

' e J l 2 ^0 Jl jJJl ^-Jj ^lij^-J ii-i* ^1 

^ c^JJl ^.Jl f 0^' ‘ ' i * > ' L ^' 

^ ^ jUO *=M ^ -^'J ^ 

^ J c5^l UiJl eJ^ Jl 

'o.p ) jy3<3 U jLp aii "ojJ 4 ’ ^ -^3 Cs^ 

" 4J>> Lsr 01 -b?-l 2pljii^lj o*^3 


oL_*v»Ij Jl j vUo^l f jhp^ * Jl J_r^ JO^-J 

i^iji n^Sn v> L J' ° u o^' 

2 «.» Jlp 1^0^ £* Jj 4—^ 5 J0^ 

4 J < T l „ I JIp oLp j-^1 OU" ^Op d\j oIp^ 4 J oUs 

j o>j uii*>oi ;ujj OfeO’^-J 1 r^ 

. c5 j^-^'i (*_J*ll Jj gr^J' (J^' ^ 

c<l_1Up1j jjpl^ SL» j^l ela j ^ 

J^jj 04 ^ j ^J 1 ^ 1 U [ ^3 V^' 

^ g 3 ^yj iU-I^-1 «j^ Jl J3r^ 
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O t 



-jl jJ (3 A ^jLp OJl ^ l 1 L> ) LjJij£> 4_Jl_i 

y* * ** **y ••* ~ 

** I ^ 4j l * a/5 1 ^ 3 ^ 

.OlCVI 

^ La-v^l^ (3 Lj L i >L! i 4 j ^ ^r j ^ 

<lii ^ Olif AjjjJ-1 oL^Lj ^J l jLaj sjl z^Sv-C j 

^L-^JI LS - " j (jz *x >- 1 L&^LjipIj ap^o^t! ^ ^L^-| ^JupLJwJl 

^->ijJ\ ij £. 1 j jj U> ^ ^lLp^II ^I^Lp^/1 aj j3* ) ^L.N/1 

♦ aJLo^pI <^J A— w<j jJlii ^ j^JLA 

1-A^ ^LjLi ajLiS^ ^.j. LolS (j^ Jjl u3wXAI j 

<j~ J J tAj^*^ 5 Jk3 J j >- A^>1 jl J,l A^u yJi A^lSCii jUzsl yfc. 

c5 J Jj — ^Jl j — - aJI Uji*- j uf Ml cjUi^MI IJla ^ JJ^ is\ LjJlS 
(3 ^ V^^LJl j jp A^ylj ^i_P O^-Ulj t^jLfiJl ^_Jjj 

g-^L_> ^Ji pi*Jl cSLA-l oM I — £ J Jj oUL _^Jl 

o\ p> 1 C— flJ j-& L^t Ljjj^j coLJLi , yjl pJLp Ml AJli Jj>- J 

,>— * >*j U >^'j aJU^I 5 ^ AiP c^Ip o^Ul 

• &** y 

^ ^SoT i “ - IwX^r djjjLvS J j_v^9 J,! A^lj^jl 1_L<>_^J JLflJ 

I Ul iUo Lo LJLp ^1 L^liiJl «.l_ __LP L)jp aJ 

♦* 

jj 1 0^ S" U>j! caJUMJI a ^Ssi ^jp o^v ^ j^ai cJ\Jxi 

o ^ t A, j jil^Jl JJ L. aU y, Jic. yb j yU^Jl S ^j^' 





J-i J^j^ jj^^ c^si^ ^Jl jlS^i^l aJ LJiU 

. jl aIp ^J .1 
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Jl Nj — ^ J ^ J| US^k- ^ 

^ ^L?- j i\ j£, lyk ^Jl U ^k J Sj jii-lj Akki! Jjk-' 

^ J W’^ J'j V^' iy*- J^" 

1 £jyl ^ 1' ols jli.ll (jk^ L y uA > \jL<k*^*“^ c d-* Lv?L> J\ 

*• 

ail 4 * - j Uj jkr J^p la«k ^ ^ *ijzd\ 

(Jj \ j aVvlil J kkl 3 J J&> <jP ' y-y J^*^' '“*"* <J>i 

1 j fc .Oj— ~iJ JJ c5 — y^ LS^J' ^ f*^ ^ (ly'^') 

jl 4 LM c^i Si {. jir 1 _yj ykl (j oklitAil JiC c^iSl J^kJl 

_ *yi gjjUyUi Ji^Sl Jl kiUil Uj cjy^ 4UU 

. yplkl jk klij 4 jj_ylJJ LgkJ? 

*• 

j Oj Jl 4] OlS" y ^ Ji Oli j*Jl J ^JuJb ' ly ' 3 

L ySJ^j 1 > C 4 I**v J OijJl S-l-ivS J k 4^.1 jkl «Ia ilip| 

y ji 3 5 . >j f y^ </^'j Cs^lJ & j 5 ^'- 5 aj '^ 1 

JJ kjJl Jy>LiSl £^1 Ji Ski' 4 ?r jj! J f-kJlj jj-ikl ,jkk yj 5 

4 »jj> U j J^Jl Ikb <by~» 4 «f ' y y ^ fSS U ^Jp J-iil ,jip 

c^y-^' y >’ j ySfl U ^ ^ ^ w >“ k” 

. . . JiiSl j tbiSl yiiU 


JL 


jjl« t jjyJ' 
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f 



j is aLc^- 



y* 5* - 2 
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j)j <L___ut$£sU) oV (J& (vjJUJ'i ufljjsj n\” 

•• ♦♦ ** ' ^ 


* 


":A-utfij i-LjaU] ^ ^La-wJaia 


♦ «■ 


J— J ^SS- 


i3 j $ — =m (3 oi — r 






<^>L5" (_$! JjLuJ l »JL p 



U" 


■*> 


-T^ ^ (j j' j j' 

s^L>- j' Vw23 dJj^w3 toL^Li ^Si 


^ ^ c^' 1 L<k£^ ^1 Set Theory ) <dJ L p 

£ — ^ t3 ^ _J*J' oXi> jl p Jju I j-Aj .Mengenlehre 

^ J ^ j — aII 1-^* (jjl t_/‘^ , “' 1 ^ 5jlic. Jl ^ j J 

^ r^L; Jl ^jJ ^ UJ UjUpL jijail UjUi^l Jl AiU^b 

^il 1j (3 4j JiJl aXto 2 y>? J J . "oLp ja^I 4j Jij" aJp JLjaj <_£-^' 

J_ju 4j J 2 JI oXa ^Xij jl J cU-a AJiy. l?.7.1lj 4 j J iJl 1 g“-^l Jl ^jyijl 

. S^v^lxil oL^pLj J l C-s^r J (^Jl OljLs4'^l -b-l 

*• 

^ ^ ^ yiJl Idjfc jl <j <* j j 

(^ *\ liliT 7^3 4 j^ aj Ol^pJj L^LJi j oJli-l oL->Lj _^ l 


j jU... It o j_ft i jLST 4 j^*- y 
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jlSoN' life cU*j' (4*J' j^-^' 

.j_plS" £J_pr y 

ji "ij p j ft s.^ J^" o' Ji ^jy^' C - Jl ^ 

iil Jt, "Ally- j iy jj' y J ‘Oiiy ^ j**^l 

,f 3 2 ^ aJ y jt u~~ ^ jr J A^iP w 


i jmJi 


j 


^ ^ y*> jjuJVi cxuSb Vi y ^y M ^ ^ 

IjU— i ly>j JLai <ju>Ip yJ±\ h J& 01 yy-j 

. aLac ^ Jl "ap ^ y *y jr 1 jt y y ' 

Sil pi { Js- s.UJlrJI y-' Actual 2 yyOl aJUVJ' ^y-J O' Lc.j 

^_ft Absolute 2iiU' UU!AJI yj 00 (ij/M' ^ ^ 

■ M i s s._y j ^ y^' ®^l <J,| jy^J' £f 3 -r^' 

jt j, £J\ j aJUVJ' y^SjOj 2 — OliVJl olpy^l c ~ e 

Transfinite "2 ^p>' a'ApSfl" ^jy^' l^U UT 

p 

<t-.1i f.1 jj O jl Numbers 

j " 4 ;i ilJtP^i dlii y jy'i" y Aii 

f ■ ^ j ^ JOP Jk£ aJLp jil ilApSfl 01 Jy O' A>-' jjAiC. 

J Op 1 - 

1 ft ji yj AjUvUl (Aikil y ) flwO' f Or*^ 
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Sll 3 A jy *. j aIp jil J C)\ ^Jl>-Ij 

I iJUMJl Jl Lo^JL c^jJl ^JLJl ^px^2iil 


n_ « « 


U2j>- 

L/ 


— =* J if 1895-1874 


e (j JJ ^ Jp» jik!' <jJl 

*4 

(J 4 — . lO* Lajj L ^>- iJb ajliT JljV Ij J xi U-l 

4' (J 2 (^5 Le- 4 j J i-Jl O0r>-I <_£ jjl c 7 ->*>U; , V' jP IJLSi 

;Ld>b Jl 

0> ^ ^JjJJ ^fUj jJl jSJ ? I J y~ y&, 4jjy\jJ)}\ oL 

(Jl — v^i'yi ) 4jj1^»j: ^*^1 J Zeno yij <JolijLL«j 


2 — *^*3 ■ I Op jA y- ^ j 

c->tj! J| (_£.sl <jLjjjJlj UL»^a 1 j yjp b J| J j cj^ajl | JLa 

^ ^ £i Jjj (j» ^-W’li 4~>b Jl 2^-ljjJ 

<ii <S' L -^ i[j . ®4P Jl yj, JsJ, gjj o!)Us*il di Jbi fc£j.l 

. 4— -dj ^^bjl ^Jjjl jlU J>-I,s <UjL^1s alJo> j y lg 


<j <^4 >eJu*J.I jLSsa^U bi^vlji J*>b>i yj 
jja. .-Jl Oj^aJl J| i_it>lii~l li_A jj-^>r ilO^I f+s-j j IgjJU <S~^J 

J — • )!yi* lop ^ljj| lap Ol “ill C jj >N1 Jl Lc.jj Jj 

. A3 jti.1 OpJUI Jp £- jjU A^2i «jUpb ddb Jl Jasu. JJ 


1 Rucker p. 69 
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^ J. 5J a 4 OL&'O^I ^ Jj^ ^ J J 

a r -A — oi ^51 j (3 L^l *Vj ^ Jjip- 3 

L^ — -i c^>- ^Liii JV^- jJ^Jl Cr^ ^ 

. jLiil J 4j^Juiv2-l^ oLOC. a ^ <oi.3 ( ^llOl>l 0> ^Jl ^ ^1 

4. JLJLJ-I 4-jLi^Ui JjP~ 4ijl^- ^p Gauss 1831 3j 


L? 


4 ^UtAJl *_^Jt jt jlJLiil 3ji Soo ^i5l ^Jl " %‘IS 


3 4 — J b-^_ -» -<->■ A ^ | i j ^ ., ,.., .<,.<? , A jy& ItO J&H Lf^3 ^ 


C5- 


jlJiJ-- 1 ^*ib (3 ‘-r J _4**' jy* 0 


0j& (J ^ V 1 >^' Ji Jj >“ ‘-r“* J ^ 


"9 


. . . _L> jf ijJ ij\ dji ^„\y j 


ojLjjj <J4 ■i^ > ~j 1/x OLs cL* ( x.) lils 

j~£A\ of a] ^ ^ f ^y>j) 4 X ^3 

3x0 -^ 1 L_oIS^ J ~ l Or Ojyk^? 'L&r y> {jS ~ jJL^\ 

ClJl ^ I a g a A^r y» \r^ ^ {j* Ji^J ^ ^ 

1/x jiJLiii jl ^v^SsJi 4j0fc jjL/aJ| l)L Oil cJl-^> J ^ft-^aJl 3 I 

OJ j (lim 1/x = 0 Jj-* ) aJL^^I J?! x J Jj L^Op OJJi j 

1_Jl 5T :>tpjl 3 ^ Opt J im 1/x = oo ,f(x) = 1/x iJl^Jli 


. x o ywp 


~ Khine, M. 
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by ^ dUi ^ «.bj 
!(J,^^ ywsi\ (j i^Llil dUiT j 

1 £L 3jU >- illMl IgjuJS :>bjJ ^Ji 5_ ;i iuil ^5JJ Jlij 

j — ivaU 2 j jL^j L^li j jSsJ ^Ji 4^_$lll U 1 . J 5 <Lj&Lx* ’^cS' 


U2r — 0} J' Sj *}li<J> "^5 ^js> iJlitAJli 4 ^ JjlAI J Ul 

4 j jlj^i! C^L j^Al i^li J 4^li*>\j! (j A^2JU <j jU_Ulio ^ju jl ^lil 


Asymptote bbjl ill -l 2 &■ j blitAJl (3 'b-’~ J->P ^gidj J 1 : ^bsLib 

^ ^ Lfc jUpI; VliVJl 5^0 U t liSCa J yli*>Ul _Lp Uajj 2-1, 

j 41 j J. Kepler jib 0U>_y?t- ^SvIaJI jJl l^J>-il JLcj Lsi^ jl 


— «5> «j( jXpI ( v^ 1 c Parabola JjIjJI *_ — jaill 01 J,} jLil ^ JJl 

,i__Jli*>li! Jap aJbj Sjj^j Hyperbola Laiti Uks jf Ellipse bsJj&l 


Girard Desargues ( _ r -or J bj JJ jj> J*j L_j Oj^i? a _fj>S\ /S^j 

• <j bL>- UaiJ ^2? ^jl 5*iya ^Jl JJLgll -upL^a JLlp 

** 

(J — i^rp'yi J — LP 2 — Oli*AJl a (j ^Jai.1 jjv at ll 015” Jul! 


5 4u 5 yUili c^-Uail J SyljJl Jgii ^OUll jS> ejLp JjljSn 


^lj jl o^i 


— ^ <S I c iJli'V c£i Polygon 

j — 4 0^ <s j\^\ jsCjJi jj, j$\ ^lmi ^yS\ jjlp 


17 



li Lsiail i £-Uiai' ® 1 4-S-^-a^' 

. ( s Uit jSLiJ' Jx\ ) 5jJb SJli^il 



o’}' ^ — p j" : j _y ' ^ J jh 

2 2 3^ 1 SLJl 4!>U! J (3 i-yJrl) yli^Jl Jy yy>jJr' 


J, 5 b JL-iljJ (J 0 j>— £* JS*J» AJJi £*J ^ (M^ 1 ) 

4_J| U y.f yiil ^LiJ-l iO*Jl Ji* ) oblgjl £*■ jjUoj 

. frljj J Ss 5jj. ^ fc»u i/ 1 

tj\ ty*L^*y o' jk>- LiL a^AJ. 1 yLitAJl jUp' jb=kj 

aj^si ^ yyLU y*U*^i to c#*Aip oy^ 

. yUV 


Khine, M. 


18 



A* 


^[jJ\ <j ^ J^u ^P Uajl J ^Uj j 

^ J jy?lj ^Jl dL yj U> ULp ^Jl 

H 

jj^LT Ji ^1 l_*pr _^-T j J*ijb 

5 — Jli*^! (j] t^LO^l SjtJaj I L* j aJLJLM aJU^UI 

■ ls^ ,_^j j aL« 15^ Lib aJ S' bJ jjj ^ AJLij-l 

:jjsJUf jr jj^- 3Ls- j^rjA -i 

a i^* _>* Georg Cantor jyllS' t-iJ jJ .SjLp y ^-j_pr 

Georg Waldmar jjplT jUcJb ^ JJ9e y ^b ^L“ ^Jl 

CJL^ J,l ^>rU> (iijbcloJl ) y> Cantor 

(X^Ui j^]\ — LSjL* L-xjj) St.Petersburg 

oaJl J u^p 4 0^ 3 1845 f lp ^ cJliJl J jyjUT JdjLfiJj 

j jJil -jj £jy, jil k> 01 J| A aio (jj. || yt ^ £ J\ 

<3 jy>^ JiWl Oir U_Up 1856 flp j (Ulif ) Ojji&l y 

oL “ a (3^ ' u ? i * sJ ^J «l^“ s- 1 ^ Ui» ^Ip '4 $0>j ^ip ^pU-l 


. 1863 flp j 

^ — ‘O' 4 °j *-> Or 4 Marria Bohm jh bjb. A^f L»f 

-^j-G y j J_£r* 1 ajj l^l 5 " c^by jP 

(3-^Jl (j-d-lj j&^Ji yVl U> OIT ^j| C^^JI ARilj OU^Jl jjlp 

m 

. UJUM; Jp 
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~ ../a l Jl Constantin j 

a] j (iJlAjT jS rb l^i>3 ) i3^' <_T^' j 

f 

. Sophie Nobiling ^ 


ji cJi^ of ^ aJj j y?-^ <u ->- j M' ol5 ^ W 

i jj____ 5 j jj u.jj ajLJ^i 3 ^1 ^ ^ r y i 

ji ^-tP aJL>- (3 4 -^- a:>: ' 3^ v -r J W“* |S ^ 
_SSyS A*t J AjLuU-JjJ' f^Jj 


J L>» A 1 — <. 


^ri aJvu ^ j s-^ 1 D ' ^ 


o y>V (3 0 UiiD' jj^ 1 3 AJ’V^U 3 ^ 

\ A Ojja Ol£i U’Uj jj^ cf* f 1 J.^' 

C3 ji 4 jL ^iiJl 

J j - J y3l S' A J Jai 0| 'j-*> 3 J' — h u^A? 

^ *y cjir ^ ^ ^j'J s ^ v u ^' 

A j3 0 Si c^Ail J^Jl ^J' J^> <£> ^ ^ 5kil 

yj j 3J JU V (j-jJ' * _^J ^1 ^ 


^ A M\ Vi ^-J Si' JVliU JliJl r u— iVi j' dl~“U3l I.J V 

^ Vi Ji Jb“' J' J >" s -^ j^ 1 J j 

•0^. 
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U ^ j ^ y> toy Ow’ii jjl 4ii>j 

jb g§J ^JJ aSCjl^S (j A-^ob- b J-LC. j CO ji~S- A— *»liM ^JJ 

<o~-*' <J Gymnasium y>uJl I860 fb coLL* 

*■ '- , 'j- > Jjr^ j\ j> bb"j . jjLfjJ OwLC. 

°j a — h &\j&\ «uLp ^2J jl^ ooJlj Of VI Lgil y>-l . 

bjj — ^ J J ^ J Jtbw> y* bJJjJ Li (JUxJVI bdO _^l 

Ji «Tj aJU ^ 1^ i860 fb j oJjl j Of ^ .Oy~b* 


‘b 1 groi 01 L^jjj *J jbloJl j j Ullf j aiL c Lp il yf **#. 


J- 


J- 


\ 

• A-jjJ^il (3 btsLvU Uj 4 4jjl 

— b- (j Jjjdj £~L4 y> Aiib- li bjj As^Url aJ j>0 LJ j 

6 ' ^ 4 J J«b jP I ojjl J Jl c_oS" coLyO _^l 

: (J.b)l yLja^-1 — c^Lb’li ^Jl — J_J2o~ll 


yyJl tb-^lj 

J — ^ ‘bbJl ‘"b 'jJo~^ C~b" db-iu Jbli of 

b — ^ bbl J j>bf bjJP lhjb> 0 jS'L J Jjtiib (ibxw O.SJj>- 

^ J J c ^ ^ ojb>-l b. ^ LoJjlp liViol ^epj 

<_3j k*Jl y^/i Lg jf Jpl «^,j t £>- jS (J j6 1 1 yP (_3 aJ)I JJaj 

a — -b bL<s J j bldjRj I — (biyrjj y-jj of 
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g- i \\ ys « jy-i ‘j'j V Or* ^ 

4." *J Ji 

Cj L_Jl JL_Jl ^1 / Or* aJL— 

JjfcU fiU Llap ^1 <J0^ 0^ pS" y> ^ o^J 
y_J^j -J- UJ l^p oo^ - «>' ^ ^ 

01 LiPlki— 0 yJ j tuis^^J' ^ ^ ^ 

^ UM Uj lAjiiiJ jjp' 5 " £?* £ ^ ^ 

. J^a£ jl OOb-j tfl _/ 

J fcj\ ^>Ip Jbuj 1862 (“Lp £- jjij j jy 3 ^ 

U—lii! j oU. > yy e -^'j SU 0 

1 S'jUj c^jL^6 o^J^' OoA^' J>1 c -* iajl ^y* 0^-5 

SJb'USfl Jb Ub5 oUabJl ^3 oy 


.Kronecker/o j/ i >^_1!' <>J Weirstrass Kummar 

t.JUaJJ y4 -bis lilJuT ajU.^1 oU* 0M j aiLJl J»s& ^ 

1 ‘ 1 ‘ “ 1 * 4^wljjJl) J^Joj 0 > ‘Oj-G’ l3 < -^ 

5" ^_3j OlT cy y^' 

• 0*^ t) yj-^J Gottingen cr^/ 




c$ 1866 (* 


jy 3 '" 


4 E.T. Bell : Men of Mathematics p.560 
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J ^ *JlJjT ^b )\ i-Uil oir oiJ 

Gauss ^ JU-pL jjxil5^ ^ $_f j y> jZ' 

cTj' ^ J** <3 oUJb j L$J p ^ U ^La. j *5\jJ & j 

ti^kj e-p- ioL-J-l ola-i^iiJl Disquisitiones Arithmeticae uJliU 
£ 

4 ^Xrk' jjilS" . Ja- (j^jkr IgS* y" iib-^ J.I 

J 1 — ^ 4 kUUJ x,y & z 4> tc ^ w2 j! ;>!bp^| ilL^ J^>- oljji5"jJl 

4^^ iiopt a , b& c ax 2 +by 2 + cz 2 =0 :5^l 


• 1867 ^Ip J 3 4^-jjJl aJ oo»^ 
4 4ii»cdl ^jU- JL*p( jjt> J j)/i jjZjlS' ^>1 j- jli" jlSJ 

^ 3 JUTj ^ j j [a\j^x. j 14 ^ci gj| 2 L^i ^j| 

olJJl j j ^>1 j^J| JJ^dl J,] 4a?*jq 4 !*^ ^1 yai jji aibof jjb 

■ObU> ) Abbil o^LLil 

Vj' — bj 4 — SLcdlj 4 — J Ja J| a J a j j 

o ,jjS U bl Jldl LjJj Lbp Jit oils' 5-Jli^Jl o^L~Loil 


^l o&! oqb^ ^J| Power series o^Loil 4 j Jka 

j. OiiJl 4,^1^ ^ Jg\ ^>bj! JJ>dl Ji JjS ;ir 

bli'ybl oL^Lj OU2-I Jl AJ^lSj bt IjLipI ^ 

l^ 1 — if. 4_iLb.l l_>UiUl £_IS d £yv$ ^UiJl a Jus 

• bo jlililj oblgJlj 4 jj! 
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4 a Jj o j j j' — ^ eP -5 

jf cjj .4jU“>Ui olpj^' aj Jij Jj>- Crelle's ii 


J 




^L-A l UilijL/L* l»lc 4*3 y» js- c~> 3 ' 'j -® 1 

s.^U, jjil S" l $*U> ^Ji ajjJt' ^IapSJI 

Os^j Jla* 4Ai^ j L$Jbol gJ' ^til Ji e- oJj^' <3j^\ 

jJaJl y.pUM 0^°^"' ^J 1 

3dl yLJj c ^ ^ J 1 ^ 

e 

:) J ^ J\ 1 la (1)1 y* a)j5 i_~£ b <j^j tfto-Uaj ^ — 5 


<3 


0 _f^P 


J\ jOL- a]^ .y by^J ®y A5h ^ J** 5 ' 

4 ’^y* ** 

• * otjy^l Js- J-^~ 1868 fLp (j J 


(3 l £ — ^ji 


^ \ "Will Si> " Jj- J! ^ ^J>' 

^ £ 

u\ ^ J__, ^ jrtj O ji Halle Universitat ^ bL “ 

ol~LM 3 Aj Vj—* 015T f Ui3l U*j S^W* o' ^Jlil^ 

Ai\jt A^i^r J>d ji j .Privatocent ^ e^-J 

r ^ J j^il o^Jlj a— M ob *-iUS|l o^bbl ^ 

.yj^j y^y ^ Oljy b bl oU^J' j 
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H.E.Heine 4. 


jjljjl JLJ^a j jilT Jpj Up ^-^51 JiJ 

L j JU: oLJl _^iil 4 j 3 JAiOu OlfT ^JUl 

(1 s^y) Oo .yij jf oUl jA\ «JLa 5iIUl JjLJ.1 


<U — A — j ij jy 3 ^ 015" 0>J-lp 1872 3j . Uniqueness 

4 jliC. _bu ^gilj 4jL>Ul 0OJ3 4^LsJi J j\J~\ J 4i ^7 (ji j-OjJlj) 

. olp_^l \ JJ SjJlJI 

<j^ — «U t_)0 ^ — >- <ujLa Lgj>- aJLU.1 0} 

4 — soy O^ 0~>- J .Fourier Opr >§OJ' J ^J' yUO j! 

J — A ~ <_r ^') Js 5 *" ,j^ OW' (v- O' 1822 fU J 

aJLU J^s. (UOl jU ^AlUl JaiOl JA bijLPl ^JUl 

j — U Ji pi J . ULLo Uljxl £• 0 jJLp 

£ 

5 iai 4jli t^Lc i_*-3r! J i_-_30 CjOt aOL^V itwlpl jjjtjaJj 

cii '-frf O^- -k>Uj Ijp lJbr (jJjJl j^U.1 

*• 

A 00 Oj^xip 30 L^ f.Lio i ^ . . . . ~>- 43 jlI! 4j>- j 3 

. OjSj U_ql JaiOl ^ ^aLx* iiJpt IJlP 3Jb (J,l j\ 

** 

UP 5 jOiil Jj_Uj! C-J^ j^lilfT 4j ^]ij 01 (UjJ 

c ^ 

>y^j Zj£ j£\ ^ . r /5jj 3>Jo?rUj ^ ol (J,l 

J-^ J J c4jJj j» Jj?-i Russell J-^J OLS" 

* oljl4^1 l iL" oljL4^ 
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Vallay Guttman 01 — £ J>i * — J 1^74 0 


i .fltS l *]\ 'jbj Harz yj\ * OL^jy^i ls*^J 


^ir Ji v~JO \ yJiA *liUl tJu* oir J Dedkind c/ 

4 jj ^y> ^Lp ;41r^j oj 15" ^L-Al 

cji r ^ si jjLJd <ja>-\ v y^' Ji 

V* 

*y> J aJ6 ylk? 0^*^ J*" ^ £fy <j A ^ iJ 


J a) »_Jil__~~li -kjU Ja-fij £-» (oijJs>- Jah ^ 3*-? £*y) '"'* 

J a j^>Vl! Ttk— Jl (J 1 p sJLaj 2 j 1 j' c$' ( ^j'-g-d'j '"^ w5 

£■ 

Uc .1 yT JLO Jaii-I 


j .!„ ?» j ij£ VH A^l hp - J J^ 1 

2 .S.S-U alJiP^I ou yJ £-1 <J\ Jl 


Jl J 4 ^ j Bijection J^l '-V <y <3^^ f-^ 

. SApUiU lJ > l> p 


: jd j-J ^ AaJa^J' : fJ^" - 2 


^ to 

l SJb L3bj U» y=- Grundlagen 


V-W oir ^ 


& 1 sjJl Jl 5 sU^b il* J^il il-G_pSd S-b-Ur' Cj\s-yJh\ 

r b. , I _PjI t- L^JJi f diJi cAyy^l 4jU*>Ul JP- 

c>6 *. y*o J* (HS-^ O-Mj' ^-j> 


J^icdl r ,.gik^ J U^>Ul L.-UP u^%j 
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jL- j 4-Jb&*)bSl (3 _^r J-^ CjlijLiil J y>~ 


L5" 


Ip j . AjaiLiii lJUu^TI 1 j!ju UjLp yLJl JJ U 

>o Jillj j iUlSCil 4Jli^i ^ l/^j 


l r 


\j j^L* \ a L^jLjpIj I ajli}Ul ^aJl Jb>rj 

\ 55 

. <LJL&*)Ul Ljl*uJs>j AjalJall 4^1 o J l>- j^! IjJl^-j 
^ ^ >3 i/l_ ■ ■* j A^wvw^J l_) *A_s_vtj2j ^4^/1 *■_ 4 ^ 


U~ 


>J <LJLJsJ-i <Lj Li>*)\Jl oULjsJ oL^- ^ jP 


I Ll 


Uu^yji Ji 


jj — p j Gauss ( ^ v bt) ^Sl Jpil Ipa 



Heinrich 


* J>I j (j a ^ 

; *>^15 olJLOlll o Jjj* Jp 4^U>ti>-i U- Schumacher 
4 — JU^U! — *>l Jp oJ^io ^ ypl ^li ;dl>la (J,} 4 ; .^;!Ij ' 1 

«• w ^ toLsi’lj J\ J IjLj 3 -si? ^ iLoPu a^Ps" 


i LkiJ p*j" Jj !>Pi NJ 


If 


facon de parler 


Jj >- jJjLl 4Jj ^)aJ jb J5" plsu j j^liT jl5" JuJ 

Lp^ aIp jil ^ijp^/lj iJbOljl plp^p4i 

- OjI — «J l (^jJLaJl ililpVl 4>-lj| ^ o pi dlii a jPtjL> |JL«> j 

J) & i«3I.Xa! Uj-I OlT IJJ — aJUJLst- 6 4j! jy/2j> iJLft^J 

— «Pl J y- iC-laJl olp j&')}\ J jJL J i_-..* a£ J 4jl oLj! 


JL 


Ow>l j ^Jl Js- 4 jUVI Uajt ^ j yiilli 
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j j JldO SjLxOOsJ'j JldO 

*• 

* 

I J — ^23 y 01 (jJj-^^ ji^ 0> (3j 0^ f-6-*-^' Oj-U^r-' 

ilj__p“>U aJi yJ.1 bUJl 3i ^ jjlilS' dJ-L 

I 4 j2v/ail aJsjJ-SI — lAl ol jj^s^i \ 3i (Jj aLp^II 

,4jLJl3 a> 1 (j AdijUJl £- j^' 4jli£. e-j-* 

a^Pj 0. IjS'j^j L y?'k ,J>\ ^/OA' (j* jy^-> 

p£ Ait; jxJLj jl5" lJlS3> tfljij Aj' 2$ V O' sJjjJrl AjjiiJ' 

01 — S' j cS <JMj f. j^' dr* dr* dr* (^'"^ ^ 

. a J^J LC.j ^Jl 4^jjJlj A-i wJLaJI oUi-l^I^'yi A^prlji 1 -Xr1~~« 

•4 

, A-aA*. LU UUO'dl f jH$-i^ J J^" 


Arithmeticisation 


ii 


jJl" J y- Ji-* 3 '-^" ‘-H 


1 t\ 


^L_ 

^-i ~^*~ ^" ,,/ 


4 ilJ sA ^1 ^ 0> Lgj^ j c->LO > lj 7 i' O' 3i 

t> ^ -A - I" <r iA> c _^>t JS ^Jl il.ApS/1 0aA3 CjI-O-*-^' 




+* \ *+ 

* ? ] 1 

1 'w.r*** 


^ r 


A_J 


P ^ f j** t 

1878 f*lp O ^1 j^ddf JO^p' 00 LOsj' O^Sij 



aSLsut 9 Ua-OsP 


l_,^ 0 ydo Lb .(*-»**■ 31 J U 0 U V~* 

A ,L.J 4 SUJ^I ^J\ £• 3A l ^ 
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^JijVI ^^0 c Crelle aL 4 ijd^j oi^lj 

* — J jl — S’" (j;A Si dJ jJi (J <3 Jisiii ajws j j yj\S^ li jJu ji 

— J jljJ j; 4 j J&j 5-s^jbti 1870 AjIJb (j $tjS 

< Sj — h^aJI — Jl coOL^-Jl J^>- Bolzano-Weirstrass ^ 

ijJJ I Jj <£ j_jS" J . tU^ajl d^j^j LJjJl j 


-OJ' 


■iuJJ (_^l { j^ji ol ais- 1 j s^UmL> olS' JuLs _^jJl iuijVI 

Jl — c^p! j — aL$ ^ a] JLla cJtS"" jl j ^>- aJu^£ jl 

.-Uj U^s ji ai> 1& 1872 ^Ld Heine ai>U> 

J A— J-^jl L«wLlp jl A^iJ jjL^jlj 

j^j a*5jj OLT UT jLLt j ^ 1877 fl* jj ^ _,Ap jjldi 
jl 4 — >\ vi A-o^ii ^1 jZSj j 3 ^y^Vi cy j * 3^3 

Ojj \*£-. Jj^>l ^ jSL^t > dl^ J Jp“ ^Jb (jJ Jl^; 


Ail 


-°"J ^ (j 3_f ( J >1 ^ £-^^1 

aSLo^p! a-JVj U>j a!L>- jjJio Dedkind ~Lp aJLJls^ J,i 0 ^ 
<d — b ^ d,‘- 4 A>* A^JXp- (jl VI C^b>T^oVl jJl* AL»bdsl £. 

/ ^l^xJVL- -J J i — >\j>c VI ^^-sj j^j^L^Jl aJwP ^~Ij JUuL>VI 

JsJ 1 j 1878 <j c^>Jl 1 w^/o . a AjSjJL,^ JJtS btjtiljj 
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t, . * M 4 l 






Jl__*-pt j ^ jt *ji ^ J ^ 2 ^ 4 i>*J 

al _,t a-.S.gj-l W ^ 1 f y¥^ f- ^ ^ JJr^ 

^ ^ ji aU-i cjis" Jij .aIpjIi iiopSn dU-is^j 

. Asimov *-> li^—i j^" ^ 


ilojjsl 


jjlj oir Jj ia] UsjU-^ j 


t .lg~]l ^JlL. 

r 


jJlS' j»Jij 2 jiyp j oApr J 


U J iibA j 4JU Jl ^ ^ ‘■^ 





. Aj\J> 


J ci^ 


*3 ij* -^ La J aJULslH 
Jsuli^l ,*w® I r 


uM' 


t l i Ijl blj l$J l^l_^ iS J**& ^ iS^ ^ CT'J* 






AiLiai 
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? (JJ>Sj Stij jjj ^ (jW&^ J«1 u V 4^iJl f'^duJl fc&5j La " 

." 4 jJL^SU 1 4J] 

V Jli (^JJl Thales 1 a *JUs Jo yj ja 3-fU^Jl *JL~. c»U jjj 

Olji — >lJ i]LA Ijj jyM jJJi jjL^j t 4 jL£ jl ^olJu LA (_/*J jJi jJHj" 

♦* 

<s — '* % ^ > ~ j' cAJLi^AJl (3 La®jjp JLxL JL^LJ 


(610-546 B.C) Anaximandar jAu — ~J nJI <u» jjjajl (jJJl jLii! y&j 
^ Ji> Jr* Ali^J ^A/l U 4 Ljr ~JUl 

jI-L-pS 1 ' Jl j*-4 Ojf ^Jl "SL^aLS^sUl aJL-JlI" UUw^t 

. Irrational Numbers s-LwaJl 

(_iyjl ,j yLOljl aJL^. jl J yjjl j£S" i>Cyj 


U^vj^l JJ U" l*Jp jUu j j _,V l (6^ J^-l y:. oU 


L5 * 


Jli!l 


£ 

s ^— jisCs^yi 


a^Ju oip yUMJl JJL£ j 4li^di 


JL^pI j 4liw» o iU- ^il LI 11 aL>- >1 


6 wLa t-_— j is** aa^- jj ^ 

V‘U->UI -JyJ oJlT JU jJI J_j gj| ol jUJ-l jl j; U 51 1 

• 4_j— 1 1^ i . > i ^ 
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Ojl ^ \ 




2jLLojd.l 








L5" 


(^*.^497-582) Pythagoras ^ ^ 

^ *zh jA j — ^'j cU &-)^ 3 

to* 


i» 4 ^ OUJ (1 0! e>- Jj^i 

I •* 


jjl ->>1 )\v* ^hSli^Dl 


Hilbert O j. — L* 

3L_L5!jUI Alt—J. oyj/M' ^ ^ Lj ' 1 

•to +* 


(V^ 1 — ^ 


1, 


liUswil jOJ Incomensureablity 

* •* 


Jji old-. JJUbUI ni-> of Ja ^ A~' J*" ! °’ R “ sse11 

,|.M)I Hi—H ,1* J ■»» 


4— 


e 


^ ^jl_ji ^j^p' — m ^ ^ ^ jl 


,^i oii 


L ^—i ^ •»* OSJ^M' »W liSU 


kj 1 — ^ 0 j}^-£- 


cJ^ii 




cb j W ^ ^ abc ^ } ^ J 

_,J& Jlp f.lo dJJijV 2 c 5 jL~! ac ^ ab=bc=l 0^ '4* 


34 



iS<)\ — — j j ji\ Ui-dl jil 01 { Js^ ^Jl eji^JJl ^jjjtlii 

j^ — sJ-ybJi jb^ bi j jl ^ <^z ^Jl*Jl jb 4.ccv JLo^i 

... Ij5^j c 5 jL^j ac=5 yjJi jU jLjjL*o bc=4 j ab= 3 

j 4 >r jl VT" jl V?" ^-4 Jl j^I>S bjjLP j JwJ Aj jL>J| 

(£l ... ^36 c^9 ^ S* fill! yjw yJl jJUri) flj jj> j*\ 

|t-3 aoj ^J>\ 3 y A^*uJb A^J^ ^cj LJ i JiJbdl |JL£> ji5^ -Uij 

_1p Xv- jji.1 c5-iil LjJ^ ^ ^ jl aj j ji - bjJi 4^jJull 

— ^-5j CAJ^R-v^sJi 0 Jl& **— ~^*^ jl L^^LLa ^ySLRj y2J 


L5 


U~ 


6 jl j+~S\ J-&J J>- I Ljj^jLvI I jJj^-i A^jjJlil oJt^jLj 

JjL* £.l_JU3| oS/ (w^Lrj j A^vJJLLI jl ^>»'V i 

j & jbJo sJj j L-Ji-Sj ^1 l^sij 4-^jJuli J^lfT jLi.1 


f i AHjjl b ^JjJl jj^o d)l 3^ 3^*^ 

b * blc JLp ^3Lic 5^I j"V c Ljzj ^jJ~Ij ^LJLi! j a j y*^\ 

1 «Lc ‘^~ > ws jjp ilwU^S/1 «A& jlj — (J-®*Jl c^l — Logas i _r u j*'j^' i 

. J^l £. (jbU f JA J 

* 

^ ^ - 1 jlwlpN/b L^jlp _^LJiiil l y>-C„ «.Li s Jl cols' lil 

2* — Cv. ^***^ii 1^* ^ <.^ 0U;^=- j *r" = i — j ; i v_ ojUi)i oy® 

A^^oJp blJLpI d)i (^3^ AJLA^Jl J) G (^ 3^ 

3 — ^ ^ ^ l/*J j^p Lib Jj>- (j A.^jJli c J^- jl j33- 
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j Aperion 


* 

4 




L^Ip 


iiJipSn ^ yuv aLJ^ vi u-J c^ 1 ' » r^' 

^ * *u*aJi j'aA' a j~ j ^ ^ f ^ '-^ 

} J ,/»?l l JjLi*-l jDaiU cAi>ij £>' ^ 

y_££, ^ ^ £ O' ^ j c^- 

. Uajj aJUV 0 j£j A^li i^p J *' j»-Sl' ^ ^ (ii 

^ !' Sj*-iJ' JiSl (f. J ^-450 ) Zeno >0 olSjt-^b 01 

** *’’ 

.^5i i*>\ji r j*is oi^iij ol-jJi ^ jr J* r j* 

iSj _pri — s" l> _A J j Ji j^' </^' & bL ^' J 

a^'^—^V' ^ui U4 :>' VI ^ o-i> £->' 0l» Cajori 

3 ^L_iil £• JejuS olSjlii' ol$i .UUvUlj 

ol f* y ^ ^ j J ^ 

cJ\ T bl ^ fr LiJ b O' cfs. S-^ 

_ . i - . i . tl . . \ b * _ ® ^ SqI ./jli 


. o° 


,1 ill Jj lii 


•* ^ 

A i 


V 0 




£ ^ 3 X ^ ^ b '" : ^' (V ^' } 
*« 
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4 C)j£j 01 ^7—^ & 01 A^Lwj j ./? i i 

^ lil LiJ^fij 0 -l ys . a j 0* 10_& ^ o^lwL?*-^ ^jA 4~S* jA \J>j +/Q i i 

^ V ^iL— ii ^iajaj of " J j-Sj aJ^' ASjliil 


r 

£ 


4 — s?JLla5 


) t, fl J ULA 


^'J5 




UJb JJi-w ^ ^y>j 4jliN/ l» J.I !ji>ks , j i_Av 2-J1 t i * /s 1 

(Sj>-\ Jl 2kk JixX jf p~Jrl JLp J~>*X^ lift Js * J ( «Jaij ^ 

• 2 J-k ji ^ f 0*3 

«U>J — ~Ji C— >lk lils obh>kki j J-p-l 0^ (3 b-^l J _p- 2xilxjlj 

‘( 2 iU»l-l^' J Jj)Lf5»J i ji A-kx-o -J <oli Uj , Ip 2 ojLv 


lg — x» c. 





>. — w 

J! gJl 2kkJl Jl J^, J ^1) J^s j! ^ ^ 
by* oklkJl ^Jl akkJl Jl ( ^U’i— SbbkLJl 
^ (^ lI^J ' cJjujI Ji SU^LJi j ^SsJ i1Ll& Jl J v^n 

V — ^-v^j ^ dli>cL^Jl (ji a 4)? g j| iAUj / ll i yy > 01 


— ~ J ^-6-*^ AiL<^il 0U j<r Jj^I JI 1 JLa u3j-^j aiJIj 

, £ 

J <j — =*4: j — S f b/“J iS' ( ( 4ak) jb4 ^ bgxSJ jl 

J k J3 k : li v U Ji oMkj " ^c. ." J^U^I SU>J~Jb 

• ^ »ik><iLJb J^l j>»Jj ^jJi y&jJl j>-~\ Ji jbLL^iii 

°/ V^jbil %]>*£ ji Bolzano y\jt y ( J>Lbx Jl ^y^b Jl 

' — J Jj4 Lk'j b^ki yb^Jl 5 ^ (j/ 1 c* Li^ c^kJ' br” 


4jU—Li)l Uj c0_jjj :iXij ~ -. I I 3i2tl 
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a 


* « 


^ i ii uuyuj •" bg-~ii V^dS ij 2 ^ 

** 

:^l ^ If- A *4 ^ JJ^ y\)y. bJ ^Ai 

t ^ of t5 — ip Sjil5 0 >£> ^\ dU: ^ J\m j' v^' 

J&1 A^lj-JI-A^lj JiU^I «*J 

> /(«») Vboui yj y Jj 1 oPo 

-U 5Jup " 4p jUsuj (1703-1616 ) John Wallis ^'j 

« 

^ ;t Lr _ aj aJUi u^i c) ^ cs 

a a c s^i^ Sjj^ <y^' '■** Jy ° 1 ^' 

^ U yj ( k) yj' ^ f** 5 ^ ^ vU *^' ^ 

ij p J jf Uit yj A-j yK Liif k^ k^ 4 

ajU^UI j'ap' ^ 

J, p 0j jA>o yup ^bJ' OyJ' pbJpj j-pbj Old Aii 


i *t 

dJ & to 


•* 

0 JJ^ 


^ j a ^ iA-ft 

1.1.2*. a b>4*i» V'b^Obl o S^ 




^p 5jU yNi y-J' ^ JU ^ r^ 

. LflS'lyi i ^A. ^ d' dW3^3 

^ UUObl oIpj—^I «3t tSy *>^ Galilio 

dOl ^AP tfjUJ (^i' ^ ^ 01 
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jl 01 o Oij 0bJb& V L>^-JlS^ 

. 4j j OvJCa ^jj L^_a-j^rt3 Cjl^Ul^Obll ^5 Ij 3 J 

jj O^s^oi ^jJij bg-L>» 3^ ii) ' 3*^ (J?j^ _/^3 L5^ 

^ *♦ 'jr 

4 1 ; ^jij ^Jl iiil ^Jl IJL* JL-P-I 'jS' LiiJb- 

•* *♦ 


4 4j i ^JLrj ^ ^1)15^5 ■°W sij J <>• £V ^j'j^' 

ij _ J>i~ AiUait Sj^li J,! Ii«^l>- lit (j^jLw> L )yJLi s y 
. (S j^-S/t Or* _/*-*>^ bO b^tJbO 0 OJUi <J5*>b^ j JaJLs 

0^— _. .^Jlil ^ +» ^ -J^J^J 1 ^jtjl 0-b>' 0^-2 ^-bi b>r (,_ _flJ jl 

4 Jl&Obil <LA J,l oljJbj C^J-bbl j+t 2iJi ^^b 


J?l 


-r 1 ^' j & Actual Infinite 4.iJb M 


ol 


i r Ji V-Jb j Vli^ Ul ^1 p jIjipSU U&l 

•3*^^ jj** OJ- b ^ty^/2 jj ^SCc j ^IapS/I 


1, 2, 3, ... 


149 ... 


CO 


CO 


u * 4 33^ 4Jl£^AJl Jj^ Leibenz jn3 ^JiJ 4-prj o*b >rj 

^jl :%*13 1693 ^Ip 3 Faucher ^>- ji aLSj^> J,| 1^5" ^Jb^j J*}b>- 

3l ^ Ot J 5iPt laJ AJbObil 5^3 JitjcT JL* 

w* (j^-t ^*L»jljtAJ Jjli j\P — J jil V~ 6-5^ (^r 4 $•_}*- 
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P 2LJLJbl~l 

__5I US' j Bruno yjy ' — - oljJbj Ja^Jh jy^ ] 


3 ^ 



>l_£J1 aJU^UI " 


J 3 ^ 


■f.ja> Js 3^i r- 1 y 1 (i 

»-* 




b u j&m &- } ^ o* 




rjj _^. j » f ^iii I!* jUii ,/j^j u ! ^ 

2b > Jj (JbJl £,>- j bu lilj«il Artjl* ^ 

1 \__p J Sjj j* ^ o*^ cV ^ ** es 7 ' ^ 

v i II (i Ip J 1 4 ** j f V^' ^ ^ coU^UJI 

Ll-I^ o.U- 'I tus~^l J ^ O" ^ ^'-5 

. ^UpS! lj' y[j 4 ^- 4 ’ 


ll—Uft 



Jc^'j 


*. _, ^ yuw j ^ ^ 


, Sjju^- , **j IS*IM aU ^ 1 
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3 — '-£■ jjy <LjLi£*>Ui j jails' c$jj L*-^j \2jii 

y — £il ij oLaiCl! .}j4>- jjUo yf AJli'y cOv®^- bOr^-O 
0* i J_a> J ^jli Igj-P Jlaj jf yN_Cj aJ^ (_sV Cr*^J jX+d Ij 

^ — ~0T <_£ j Potential Infinite "a^L«J.' aJLp yU?j 

2 i <jj 2 “4j>l 3 (^L^. Ujj-^ yXJC ob‘ COlJuZ 

V' ^ * oJLA IV s ". b£ il J UliV Akio Jljjjl 

• Actual Infinite aJLaJ-' 

** *• 

j — ~- p £2 — ^ jj Cj* j jy^ 

0*3 — *J Harnak viXjl Hankel Riemann OlXj i^Ur 

( _ r ajL^>- Jy jvJjU^-I C-yil <jjOJl J Bois Reymond ~b yr.j 

C~j' S^j A^Jb L^iliTj Point set a PyO\ Ajail 

• APjjJl AjLp 3 J SjyU a»*L^ 

g3 AdUMJl j!opSU £-1 J\ *Ul 

^ J y*~ aJL^PI 

£- — y> cJl5"j cTransfininte numbers "aIp jll ;>l-lp^l" lylp jib? 
a — pry <Oy — *• cJ IS" IjJj L^alJj j u yjJbdb. Ji~br j ylD 

3 Jr' A S^lsM odjjJr' jV^LlU ojjb yP ^lidJl 3 

,2 Oy^J aJLvS^'j 4-bbb aJL»_pI ^ji)a.‘A' 'JLfii yaj bi>y J^ 1 

j > — ^ 3 — bjJ-1 olyb Ji O' JLSj jl yxjTj 

(*-$ 0 c^L^L-ts" Lp» jJJabi Aj^'yi Lpo ys oLp yJ?' aj ^J ij 
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N/l cUUj^ 

.5_LiU oJul JLaP OLa ^ 

s ^31 5^! jil dj£j ^ J 

JA ^yjllJiih y-Jy 3 <SJ3^ J* )9 V^' Si 

?2i jX. il 


^^™jNJI j ^5^' d-idl S '— ^ 

L,L_J £. SI oL>b J\ j V^JI j u 

^ *« 

^Ijj J&\ alp j ^ J»> ^ (^ b -? ^ 




_j yi^Ulj SjL-tAiil ^ Jj ir* 


oJuJlS) 


ji (^JUJ L^Jj U£ uyu j v-^u y^i sJS Ij^j 


ill ub Oj^x- i^> (* jj j ^ y *j*{j*^ ^ 

_f N/ ^Jl c 4 j jjixSl sdA y 2 ^ ^ tXjbisJaJ 






c£' 



. cjU' iS (>^y 

; OtP j^r' (3Ub-i1j s-LwsJl ,SlbX£^S 

v J ^Jl 1867 fUJ ^j>' cJl^ 

*♦ »• 

w* 

(j Ux> Kronecker j — S~> <\y J Kumar y ^ -y ^ ' y c 

£ j. ^iil ^ >Ji dUi ildP^M c) ^ al~x. 

x. J^dJ y &y 1869 ^ oLp ^' 
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E.Heine 4 — 4 L*j wb* j j Halle 4 JU& 

. A-ilill oLJl 2b Jij J j>. jko" *15^ j OlT ^JUl 

^Jlj ^JjJl j jlJlS" OjJi j O^tifCj <UjIa c_3 ^Ip! JLaJ 

A^>x £> J^iJbj Ip y^> y> JjLl) aJ 

01 ^V^Ljj-Sl ^^>=-^1 (j 4^g-ll JoL^il (S^l ^~L«j 01 ^Jp- 

^ £ 4-jJjLa 4 _Jl l^JLir ^4 j^j LoL?'*- 1 ^ 4Jl^ 4 j 1 


•* 

aISs Juil 0 -La y f.y>r yP i_^£ of 1870 ^»lp (j 4-Ulk l]al«*>l 

— !j tcJlS" L, — j| a j^z^» <ijL*-)Jl aJIjlJI 01 ysl ysb oJ-ii j 
9jjl±* C^jIS^J .O-UrJ la-Lif S^Jill* ^jlij 0 ji>J AjJjil 4JI jlii 0U 
J *0 sJjt ^JJ-I -*^1 (J_^ > " OtjJ-lj J jlllS"” <L>'L« i ~J 


.Uniqueness 

a *- 33 1870 ^UJ JjS 1 ' 2 jjs>jy> J J^iJl j Jills' *j4' l* Ula 

•( x ) (• ^ *si j ^ 2Ji jiil 01 ysyij Of lS jj^i y 

2 P-Lv 3 y !x£ Ajf ^gip y. J 0 y m 2X*£ 2ji>-%. yJ 1871 ^»lp j J 

U-Jlj^l jf 2JUdj %s£ U ( X ) J S^JUi ^ iSyA Aijz 

• LJU csf lij-bt VUi^'yi JaiOl ^ ^ HlW OjUiJl 

Js. yAy U-Lp 1872 flp j jjlUS' OljUl (^f OpU- 

' A ( y^i of yCc olpLil^V' 4-U y yli*>Ul ilJlP^i <0l 
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y. 4 jLj^ j 0 J y*j2J U*ijy Cr^- ^ 

J s' L— fed* 4~bj jjljlb" -brj J-b a]s>~~^> 0J_W2J 

«_* J^bdl JP dUij JLS-iUl ^'ApSU 

dJ Ji j iJLi^ tAjjjp- j ^1 Sbii~ll -kiiU A-Jli*)U» ^Ipj^M 

♦» H 

;>b pNM • a 4 J\jy a) ~LJ "ajU" UjLxpIj 5-L^l ^'apS 1 ' 




n J m ^ 


_» jJfc (A)A4 *^x^' ^'ApS/I j^LJ 

•'* H 

_^Jlp :j,N' -U a r a r a 3 ,,,,a - 




i A n+m - A n jU cljj^ n ^ 


^Jl Ajijill oJLft Jj> jjlSlT jb>l 4^ 

+♦ 

ajU c^b Ul Uy' Jlij "V- 1 -^' ^'j^ 1 -! 

.B y)^. An yU^' *J» j&i AkJ> (b) olp^' j Ab) 
Ola Lit JlL a j a jb^ b j b Ob^P 


00 , 


>r d 


UbUl aJi jill jjblS" bb 


a^r Jl J jJj a-a’ 0L.T b| b = b ’ 
Ipl . 2 «-b>“ bl; /'“““-“-A - i l’- > jl 3 4j5lj J 


j bn a-*.lJ aJ I ji^ j b , b , b ,.... b ^ B 

AjiijU oJ^ ^ ^ jlkilli^ c c ^ U y> ^AP 

• c O'* 
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A* 


^ P £ 

^ cAj B (S j ^ 01 j ^ 15" ^U^. 




J J J,t J ^ Jj JjI »-Jl Jsl*J| ^Lp j 4 -jU^yi CjLJI jll! 

(3 ^ (jOl (O^^O — As>rj5 ^JLpI iS 

lwL>r ^il ? p-Jilc*Jj JsjLl Jajjj aJ^UiII 2 LSJLU JiiJLP^I JbJj£ 

1 ^ 4 -Lp ^jU^j ji jJiljj Jail ^JjP aJ^j sj AjI (3 1 


U ) ^ *0^1 -ki-l ^JLiIj ^is>Lj B ^ -^4p L& Jij^Jl 


2 ^J — <£ aJ^Ij a Jb\jj c yLJL>* ^Jlp JfsJ :^j 3 /I a^jUI jjijlS" ^JeuO 
. a^Ju (5jL-J L$xJIJj>0 0 jSj cu*>- ^.SivJkl JaiU j^Ip 
< i 4 j^nj Oi j j^lfT 1873 p AjLi> 


-j ^Jio 1874 ^*Lp ^ A 5 CAjjI aJO**-* A^_cL? S-'jJ 
J|j — pV! ip _^4 ol : JLp (J ^jj Crelle aL ^S" ajjj^I ilAl J i*la> 
f-S /1 £* Jj-Ij— ,_^ l— -L>-lj Jibj Z*j\£j jl lgj 5 ^c V R AILjL }- I 

•* ■* « 


non-denumerable oil J — *11 iLli ys- RiPj^Al jli yp| 

:i/yi ol A^-L| ij JaS oLil jPiTj 

^ <_£l — o*JJ iLli ( to ) iJLJiJ-l ^Iop^I 01 ( j/s ylJ 

-a*iA^I -ilO — P^/l — <1 J — >-lj — (J,l— J >-l J ^1?Lj a j jv 5 ^gip 

CD COj ( 0 2 (i ) 3 co n 
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,Js- JyaJ-l J>s_ R Ji [ a,b ] a p l>) j j 

T[ G R jyJVij R j II 

CD J~i> 4*W»J y&L V T1 j| J 

ill y_o_Oa U 4^0 C.. (j-OOP (_£' -OpLJ } t cz < b O' . G 5 0 1! 


w' 


( 5 ^>-1 o ^13 J,dLiU c b v j a v '*- f > U-^Jl y* y^j [a,b] 

Ji j oil — T J *&y t ^>uii [a\b v ] fjr^j 


L>k J 


nested Internal ol yJ&\ L^Ip <Uiit ^ 

Z?" , a c^>- [a n ,b n J »jw? ^Ip y>j 
. [fl"’ 1 ,b n ~ X \ l >il y-> O^Uo* (1) iJljdl y Jj! 

A p-ij :>JDp ±JLl& wJ-P^i ^^Ip AjU cL-fcdou ^AP jlS" 

. a",fc"] s>uil ^ o' y$o: 

A p s y oil y i y-til | iOsJ! of of y^-C & \-~riJ 

\ j; iil J.1 y^jw- -iOP G?f-® (1) A*jli yw= (Tj-^ 

j J jJiil yyV' .iO*J' JiC. V lili? y yfO yr-" \p- n lb" J 

Jj a* Ols yU jp [a ”,£>"] ooi jjS\ -5 op oir 'i| c£y' ojyvj 

5 Jt yil (_$l c. — y J — j^' (* ji — *-* J>i 'M J — ^ ^ 

^ a . ‘ o rtj j .o * p c ^^o^- OjOj Oa'yj ^ ci)Q ci , ; dz 
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I o 


Jill JJ (fl“) aJ yji Jb- C \J»\ ^ 3 [a\b n \ 

b°° (3^ '4>- Li j! b,b' ,b" ,....b n 4 JI j^U 

Jl — =L-' ' — «-S"( 3-^V' 4^-1 ^ -bU) <2°° < £>“ 

4 — (a°°,&“) J| jop (j\ i ollgJl f. Ip j (£ ) 

. (1) AJl^lil <j £■ jXa jJ^ a jj J ^zi\j (jli jl ^i£o 

. a = b°° jU ij* i^f^i 


7 00 OO I 

b ,a c£jl 


jr~ 


— — j £ ^ — LiJ-1 3-bJl Oi ^JLp jj xjlfT ^ 3 1 will 

-iJl T| 01 L<^5^j ^1^ 4_Jl^ill j ^a Xsu ^**0 (_£-Lil 


- y&j£; 0^ ^lp j c4 _J Lp ^ li * a * i i-L& ^ j J 

. ^JjJJ 4-Lli jjp (R) S_JLjiJ“l ^Ijlp^I 
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Jul£ 


" V J Ul J 


if ^ J! 


plJj'Vl J ?-l 4 Lpjil .ilj P-Vlj olf- 4 j ^J ij j ■"»' 

C^' — jM <jj ^ jjlJlS" JUjP-I j o ^•wO^t-L I ^ Jj a^jJ>\ oijL4*yij 
LS* l^'j Jj^ 1 iJLjL^I j\Isuj . j^pl OjyOj LgJuLJi j oL^lj ^Jl 

jjJ j Laj_^- OISTj 1870 j»lp -ii* La jL~« Iju ccjL^IjJJI ^ iLJ^ 

£ — a c^jJl y>\J - 1 jjsi JljjJl jlS”” j . SJilill o‘>L«L»jdl J ^>- 
jJl — =M AiLiiTl J,l ^ Point set "JaUl Is yj~ " 5 J,l jjilif 

.<^2.1 {.Ijj U riJLpf (J\ "aLp^Ii 

4 — ~jf Jj>- LaL* a jjrilS”" jL-pi cjis^ JLaJ 

“jyd ' — > L$ '-*■ O^- 1 ^' 5— L~xii Fourier Series 

;aJLJ| 

•* 

F = 1/2 a^ + S a n cos(nx) + b n sin(nx) 

= 1/2 aQ + aj cosx + bj sinx + a 2 cos2x + b 2 sin2x + ... 


cj^>L/>L 


JfLA 


ls°~ 


bA«0 


^ alJ*l a o aj p a 2 b 0 b! b2- ^ 


-j jji 3 — lb 5. 
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O50.UJJ a^L* Ji )° if 2 -^ i 



4-jj ji Ls^'y^* j 


a n = 1 /tc j f(x) cos(nx) dx n >0 

bn = 1 /tc | f(x) sin(nx) dx n > 1 


o*>V»U^ (j\ £> j' J f (x) d'jJ' Cf ala F J 

ooji 2 j lid .aJuii Ajli Jl J_j>. t/dJ' 1 UjLi: i-iji Uy' 

(0,271) 3 jdil (3 X cdaii a' Oxp aJ'jJ' J,) 0bL~L-d' 5b* 

cJL-T Aiddiil j .(f (x)=0) Aj jdA’ Aib Jl Jjjd L^gxo (Jysii 00 

«• 

. 2 ?aJIj^j Sj^TJdl sUL-dl O' caLJ) A-i-S" ^ fdi' a^J^> 


y\JL. (1859-1805) Dirichlet ^ 1829 ^ j 

J L-rT iilixij A sjjji <2A£l cJ'd’j aj U- d~AU ajjUj" 

(3_J jL^\) S 1W Jl V of Jl / Lgi> 0^0 iW*' 

Ui jai • a o'i AjdL= O*)0~d~xr. Lgl^ jjdd AjO 



C^9^p 


. Add i ■ £. j-*A 


4_j iLaj aJL — Jl »— x< 


. 1 


^ .4 OL-iT 10 5 ^ps aLJ — O' 0 yd: Convergent series do 

jl S' 10 L Axd' I+p^ Jl i-L-dl ^ V^jUx. bJj-b- 

L. ^ aL-JLJlI ^ j-O- aJ^-I ^d^i Aiddi iJl odi j Jl -d-l 

. 5*** 5> ^ a, > J«i SJ-i j su J! Jj>' y i ALJ-Ji ^ Uniquness 2 
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J* gfld Cauchy j> ojji 

j^ s j\ dSl cJLi ji ^ (^JJi (j>^j 4^0 uu 

0^ l5^ ^ Cj^ jtJ * dJJjJ 4- J-y^ 1 1 aJ^LilSi 


, ^j^ J aJLJLcdi 

a !iajl Jjl j^LT ; 4 f 1870 ?l* ^ii 

* ** 

* — j*>L— J_^ xll 5isLojj LgLxr jla tl» syi (j sJlaJl calls" lil 

ol — ija^ J_^ j^a; cJl^i ^ ^s-Vl <iU^f L»t .Ljijb- j j^o A-iliil 


J 


. SyjJl p j jSvJ jl >_^a ^J| SJlaJl 

M 

~‘ld 1 — jg f LjLs^S 1872 r U j^JlT aU 

‘dl^p-l OjSj; Io^Iaj *u^> i_iLiaTl Jl 4Jili 4j|a>- Jl hj Jii 

;^_iJl J 3j«J y byb, <Jb J! F ^1 ya! Jp- j^Tail f U)l J 

* ^ 5 M — ^ Ji obji aJLJj s _y> ^jjj| 4 _ ysa _ }5ti »j i^f ^o,2tc) 

1 j L ‘' Up ' ol ^J (^Jadl)wJl ilJLp^t J 

4 — -Jl Jlopf (b>) VUV cJjpi jJl ie-j^l <JL^» 


. ( JaJLJ 

s — j j _?' 2 — Ji J^ of jjilf r 

jlJ -^ oUt^l oiL- ^ v-L-Vl iJbaJU (A) coUlyaiJ 

jl — ^ 0 ^ aJI^Ii oIa ( a = a n =1,2,3,... ) =L~Jl 

U *~ ^ ijj^> a^j -J jl J* ^ <jaJl Cauchy 
<ilUi UJJI jU (o 0 ) yUJl ^ j$\ 0j Sj of J^a L^J oJlT 

c--la-bl £Jr> je^i jih^^io^L^^ 

. j>la^l q , p cap- j e > 0 
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idt Jjp- j ^ 

| j ,J^- tojiiCsl ^ Uaj' J; A ^ p 


i c ...;•, ^ duu <J^> ^ o- ^y-' oVW 

i jj-di w j J «1^ fAS ij i ~‘ | j s >^ ,A * Cj ' s "-> 

at— j Jj- >■=» ^ *“ J **“ ^ 

l i -•tc'' l a> -ic-l iJd • ' ' 

t (2 Pj-^ y) oU^J jy^ U>j>IP' '-AJ . ls5 i— J y? 

£s.< - jjc ^i u* <>** u>i* j-ai J*w J* ^ ^ 
Ir. s us: .>UI yLi*- *-1* J^J Cf ‘sf 

, tLJjl j pfc-JJ -kJ-l J^ 1 A 5 - 11 ' ° ! 

1 1 f M *'\<? -\\ ” \ \ .1 « iLJ L iLj-l 




j - s ^ '—' 

. - iii// > Ljl| , yjlS" o3t4j. jy^ 

. 1872 ftp o L? H 1 JJ^ j 


SlJLJLM 




^ jl — V b vH-y 


j tf*- ^ 2 ^ jl J ' 




J y yS y 2sj>\s>r l) C^' 3 1 51 • 3 

^ 5JUN 4LJl^ /aJl j* ^ 3*- tL ~^' ilAp ^' °' 

2 ^ -J1 ^ ^ ^ J- J** ^ ^ 

j W ...» >J li£*j 1, 1.4, 1.41 ■■••■ ^ ^ ■> 
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Ad _k>- kULi g .1 * */? ll jLlpl jJ^SCc 4 ^ . 4 j 

. AikAt Ajip^I Ji> *jjlU 

^ ^ j-ki ^ ^1 3 (jkJk ykJ <_£jylSAl lAy j 

^ — ,S )I ^ jk A l lk& Jj *)! i 1 jA,h °> j ^jj JJl Jl ^jjsju ^Jlp 

l 5 — ^ k J ^ A^Xp y 1 oLJly* jl oLpj^- 5 ^ ij UL^* i jj?jZjij 

.yiiV ^v?Ap 

^Jl <U*»ly ^Jp <^_kk (__£dj! d-L>- jj-A Aik i ^S\j ^ 

^jl ^ij J,' iSfl ( 3 ^' i J\ <L« j jD-^-l-j ^y>j j>xJl Jj JUaj^l 

9 j — a *>LU jToij ytj 1872 f u ^ . R.Dedkind 

I — J 4 j oIp j-^ki ^Jp L^LA o>Ju. , sp l ^Jl ALJ,i 

•* 

. L 4 ^Lilj djL^v L ^-*9 jj^jIS^ ^Jl 0 ^CjiJIj 

J' ^ y kij ^Jp ^ y 4 ^J^kl kkU 

y j ^ 75 £ y l5 ^ kJLJi !>A^ UApI liU Ajlp^I 

k iJl j! Ojj S^ will Ad P^i kjjj ^ojilAdP) <3 Jj>Lj ^JL~*k kA-l 

A^ — pt ^il^Jl j Ab^_s Ali ji kk! Ijjk J jk ^p ^kJl ydu yg)l 

** y (kyk *a y ^ \ p 4 ^^^- j .kiJi ^ A.jik’V 

j — Jl^ AL$j> 4 ^o 2 i kki ^Lp rational points _k£J! 

irrational kiAl j kiAl ^ yUV 


• ^4j>c^>r, < ,^ j| ^IJLP^I (J/U 

J >-UPj JL^2jN/\ <A^P Ji £j Ijjbj IpI y Ay ^k.k IAa 


J 


us" 5 j ji ^ 
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C-U' 


i U >uJL J, ^ ^ 4 

‘cif'-i j ^ o3j (Sj x j*^' c ) - L ^’ *4^ J* ,J> '"^' 


■i .•' 




v <f • \\^\ -t *Jt Lu 

> ■■ ■ W - #- V 


. L* b' Uu 

y f v 


5 Jli^ji ^ ^ p 1 

*/ w -'' ^ 


<1 i.„-U -^Jl\ i • 


fl <SI i 


t \ 


\\ A .1 

J ' > pw 

1 J - 


J !la 14! 


.p 


; Mi M " I ^ 


*Lp 


A - 

^J5 ^ 


. _yj -ji bLd' ils> 

-/ O 7 




* . \ ^ - * i 

, .JJ * *ib 

-/V V 


1 J, w . “**■ 


-jlT jJj 


Journal fur die reine und angewandte ^L : d j 1874 
^.\ j*i Crelle s journal did . -» — 7 '^' * Mathematik 


l?4 


.ii'jji 


M ^'O i L‘ ^ . 

-/ -y 


+ w 1 ® fc^*W 


k <s- 4 Galilio 

^ J 




.V dsjdc^' b' ibV 1 JJ^ [ ~ 3 -^-- 


\ jU O' 5" i -Jl cpU ilii* »' 


' .1 •-' l 

^5 I I , . i, 1 


, — \ 9 m ~ I 

** " • * 4 \ «. »'■' 
i_>- 5 Aj < A . i V w— - - 

W-' V 


J 


7^>J3 eJ 


1 J 


• M -Sb --jj.I 
. -- 


) ljuil SJUsi tds-U J>\ J 


. m . < l, 7 *• 1 

' ' ’ - U . Ij Ufi2^ ! *' 


v ^ 1 




4.S jzs-yJ^ -4yd yb*i ; 


£ 


" i , v , 

> , — * 


1 4 

i ^ 




l IP JC- 


1 4 n 4 j .S' 1 4 p - 


^ WJ 


•5 1 ~ W . ,-y \jj w-i , 


V 


. £ 


jli iL-^> i*J 

-v 


' >-V 


F : _ 


A 

< 


li ,L La fiJJU- l A jyp' 


.•1 


'ii up . U.-U u ■ 

w w ^ 


> -/■ 


VrJ>H P'UPS'' -'b •^ U ^ J ' ^ 

jV a .O ii' ^'UpS 1 ' dbdbj ^ 


1 * ft i , < 

J>- *l_5 w 


fs ^ 


^ J,jS ! ' bPj^ ! ^dp JjUa: L> 


'— -d V' ji ^ 




_y 


# . • 

, I -y* y*i i i 

*-JLP ^ & O- 


■' ,' £ P-N'i 

-J" 'U’y J 
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,4 lUp^l AS jSllo jl yjAzZi A flljtll IwLp^l <LP jj>_£ 


01 


ijj — *3 ^ Is 1§jw?j jSo: fUaJl oIp ^ as <_?li 

j jOip Whole numbers s_JLSl!l jIjlpVi 2^j^£ a-* Jb-I j Jl jb-l j 

. Dennumerable set -ub <bU *pj^4l 01 Jli 

^ j -Hi . b j j jju ^l]aj 4_jl jj^liT . ~ J l 

4 — PjHl of ^jIp JlL iiiUait 1 jl ji>ti V 0>-UP <^f 4*153 1 IJLpSH 

fj o—JjcJi ^Jl A^Oibl oJjb oU^jj Nondenumerable -uli alii js 


J 3 


. wojSj ^JUaj LuJ j 1874 ftp a j-iJ 

* ' 0 3 * u 0 yA 2 ±-\ lift J AJ J JJ of ,-iCc <cUl -id » 


>J— 


5Jt 




jail I Jll 



r J <Lp^*_s£- jJ^VJ J& l5\J 

^T*"^ ^ ^ JJ-XJ OL^jJi Cjl 

f o * J “uiipj^l Oh jilSj jj V <_J - (J ^sLj" Jl (^jJj 

n 

• Oj53*» JiLbl oli 111 * JgLp- ^Ij^I OjI osVI 


01 j 


fj — ll ^Js LHI l^-uipI ^Jl o Jii ojOtT olI' (O O^Ij 

>1 -»- & lili j aj Jd\ j . 0 ^>jyll )\ 

^1 (f- ‘ ^Ay>r lO-llj C 0 j- ^ ,y g 1 1 Q. ; >- i yA 4 I jig j aJul*-»J 4 j^aJI 

f ‘k-^ JjVl JUji Uj^p ^Jl a Up Vi ^ u ij-jaill j V. J' J W l^ 1 

.lolLft j «^IJlj cJUl « Oi tbl 

• 1 j lap'll (Jp J j^a>JJ Olii 3? iilft 
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^ ^ p J ^ a y* d\^ ^ *^J 

.( a+1 l£^ ) 1 ^»-^ s -^ AiU^b ijJJij aJj lS ^ 

1 <K C djli cAjJbijJ 1 ^ AJu^> aJ \y* Uj^J 0^ 'M * 

I *Upty y* j}Sl j* c£% Mj4' aji > y^ 1 ^ 

.( lim a ) a ^ 

Jj^l Si ^aJl ^l-A^-bj yi^aJl _y> J_jV' ^ 


fj 2 ,\_& yUij t 0, 1,2,3, — n ■^J s ' 

j j>i y. j to j^Sli ^>1 J* J-^ ( > im "> 

I* 

0,1, 2, 3,... n,... co Oil M d£j <****>} ^ 3 ^ u -^' 4J -^ 1 
0,l,2,3,....n,..co,co+l,co+2,.. :> ^ 

. (0.2 } co +0 ^ lim co+n ^ 

CO j CO+CO j C0+ n d—;'-^ ^ y ^ ^■Z' 3“^ l -^'i**^'- ? 

£*■ ^ijo j SJL^l J *i.> £^' ^ ^ 

lA u iU pSh ^ JbU y* UT u\M\ ^ 

:jW jL£b 03ii ^ j -vVl' 
•* 

aJi iV Jj> o» a+b ^1 aaJl Jp cf*- 

a.b ^ :_|dl ajJI Llj b J! J*" at- ^ - 1 " a 

„l £1 oi ^i J b J a ^ ax)L oSU 

i-Jy- jib blif a^b ai J a b ^ f 1 -^’ 

tf *->1 aa^JI ^ J>-J-l r> ^ ^ ^ ^ J M 

iA*U_ill J- ,-U y»j VV ^ ^ ^ J W lM=a - b 

- - . lL.lt l:, ;. 1 ^.I . ls^\ j\ ,M , r^ 15 ^ 3 ) 


a.b 
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aJj JLo J'S' J , gjl A_Jj 1-LfcJ A-J-xi_P J jftidLl 

sj^lill aJi^i oUlibUl ^1 It j j b-a a-b ^ a +b^ b+a 

(O+l jj — lU^ij (0 sjLp j-ft 1+CO Ols laS'Laj jJjlis 1 ^ 

■ co ^ ^ y* 

2.(0 = 2+2+2+... = co yd*J 


(0.2 = co + co = co+co 

<S ^ JjV' cU^ j-a £■ jj S jL^ CO.2 

j L^t^l ^_jj! SjLp 2. CO CO+CO 


. CO J ^ «-J yjl ^L^su 

44 *♦ 

if 

j ^1p j\ Lj j Lib I a jJj olili oApLijl ^lfcAb>c2^lj j 

0, 1,2, co, co+1 , co+2 , , co.2, co.2 +1 ,.... 

co.3 a_Ip j — lk,j co.2 + co y>j lim( co.2 +n ) ot ^ ^>'jj 

aU^-l SJl .^JLsl ^JLp jj& n C~>- CO.n J,! jl j 

co. co (j\ co J — ^\ j — J* ^ SjLp ^ j lim( co.n) '? 

^1 cr ^ J CO 2 ...., CO 3 , CO 4 , CO* 0 J| J-v^j iJjCa j co U^j' yjj 

t — — ■>- ^ — >-l y>j £ y-/? OjJL«j| . kiLj £ oLp aJLp j 5j|J_Jl 

. aJU jJl Aj-^rS/l 

• * jj-v^JLj Aj J^S\ 2^^ J 

W> 2 , ji,cd,(d + 1 ...... £) + n, £). 2 , 0).2 + 1 , jC 0 . 3 ,cq 3 + 1 

CQm + m .or -f ti)m + w, /X> 2 n £)\ tf)",.... +CQ n ~'m n _ x + 

co\....^+n, (©»}■, ,(®r, ((o,-)r)r, 
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LJ flAA Juuj 

£q > £q+j >** , -*£'0 £ 0 ~^69.2 £ 0 + &) ~ , 

£ 0 , 6 )", £ 0 -2 £ 0 £O, £ 0 CO“ , £0 , 


j_jU ^Jl (y^iy^l) Cardina iJlojlStJl dap-S/l A^Ul j^'j 
d-U^/l y 4Jj Ji£ 3 I!' K Lijt ^SMi d-LL^ sj^iil dJjA/' 

CO j — » l yo CO+CO y Lyl 00 y jjP LyN! 

L>-i B J A yyj y^-CP gj'V Jli) 1(3^^ ^-“Op LpO^'i/l JiwLjJl 
.B Jl A y Jb-I IJ- Jl-Jb-I J >LJ iJUA Oir Id "y^uS'l" y 

V J CO y- • j>Si 4J*>Ust ji (^ — -H j) ^ — -K^V Jj' / ^1 J 

(Jl_flj oIp a .0) ysLp J^>-lj (J,} a^-lj ^ii>Uj jl 0j-^>U«J 

. yj d -b>rjj *bf Id (ji,*>Lsi5l p-Cp A (_j — jaJi 

L$ b j*5 j— 52c V " (^ ^L«Jl) ^a*il 5 yJl; L>t 

y - 1 — J-l y^ y L$S"I jd yy yyil y olpy^JJ y-JL 
J,l ol P_yd n -JL" Uj jJ ; gjl j Oil cyU^^ij 

*li J J, ! A_fij ^RJ *V ^iL_La aJ JW jiL$sJ jpLy? 

cjw=> J ySlc dJJ JJ j R ^ N 

a 2 >wip ^>r ji A ^ J^J cVj^ 

«ii — iiT j a =|A| ^ >^yij A 

. "A 0 ^LJ^ 

jL — 5 n£ N oi A= N cJl5^ j |A| = 0 <=> A = ({) 

.n U^Lp ^jlp N n^ y>£\ ^ 1^ n 1 = n 
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J JAI = |B| A ~ B ou jcs- Jb J A cJlT b| :li)U 

^|Ji P^i oJLg3 cL&li Jo- J 5 J>iJ*P^fl l)^s ^Lp 

^ jy^ L$> I Jo- y 4j j C A. ^TJ ^a 4«j i .sl-i-pl ^g* o .«,» o 

J .*■£ nil Jl Si ^kSl - 3 *'jJ 14 j' i'J^Vlj 

£jj — {J * J-^ X j Lfrjlj' j K 0 lAji t tjJl ls^ - 

: L JLpUi Ljy 4jf y 3 


K 0 K, K 


3 


co’ ^ coH ’ to 


El ’ 


^.co 


0 — K 0 C^-*>- 0 J-k y>- 1 1^ JS- J j^zSj ijl J 

^i-lll j 4jL>tV^ ^Pl-A-P^l ftjjs 4jLi> Jo- y cb-& y j J * l l 

v3i — Jail 2 — jLa (J ill jh j >r y o^>- oLjIjOUI Lp <j LiV bd? 

JLSl—Jlj di * j <3 1 J jJl 3 * ^lb L^P jou jJlj iaikll VI £Aii 

•* *• 

. L^ 2 j 1 LgiLy? JJ L&J j-v^J L^^-yOJ 

L^i3^t-A jl l^fH^I ^/^Ss-C > 4 jlLL 2-^ ^Lii^>\Jl $j>&j 

H 

(_£l ^j^l— — Jl 4-jJlp L^J_P ci^Jj>eJo /^Jl 4^olj£i'*yJl ^Lp Ao- y J C LufrjaJL* J)l 

, 0j jP' ( jS\jT Vj ^ jJo- 4 J Ll^wJ f-^ 

J — aJL^^I oIp ;LlSIj ^JL p ^]ai£ c ^>-T Jlj^*/ j 

? j^-l J yOO- oli oLp y*jk\ y? 

J Js^» (J,l Ld i <&S/ cl Jo- j JLS^IiSLj 2ub>r^l 


) y* */? ,1 


Jlill 


j ^JliJl ^ Uj^j>- yt-s^l J, ^bfi coLJl^t>\Jl 


4-^ 




k,<k 2 < 


\jSJtj AiJliil yy jfu^\ 


O •f\£' ^ 1 l ** . ^ 2 


3 
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1 i , aj LJ L^*^A i 1 d)^ \_Oj}Jij j ^<2 z Jl i*i_£>j 

J < 1 2 ^wj U 2j ^ 5> 4jli JL^ ^ ^g-ili c j jIjLS^ JJs Aj Jjii*j jliT 

. UptJ" L»J A-Ja^ j^/! jlS\3^fi 


j^a Jl j 2^gJrl A-j^vjJU ^l^lfT ^g-9 A-jL&*)^ <~ r >\-*^>- L^l 

K 0 + 1 = K 0 

K 0 + n = Kq = n + Kq 

sy +1 =^ 2 o , k x 0 =x 0 

k 0 + k 0 = ^o 


& 


0 


X H 



0 


^U P^l *J>y^ J 4_JLJi ^IJLP^I AP j-oj 4 J A-^r^il jiwlP^/1 4P-j-oj*t-o3 

Jb~l j cjli (j;\ ajjL^x- aJjS/^ 



;LIiJ-i 


M . ^_p - - — — — 

jU e-^l * jj S-iS" j — * S/I .l-^ > L®^ 5 ’- j$" I Jj ^o 

0 o jyjir LLb gJl oV ^ ? cS^Vl V 1 — 

Jlp jik ot t^f oii yyi ji 'iij *l~u >■' 

. c it 

•Continum Hypothesis" Jl— 


-mi i •- ;" .1 " U „;\J\ 


(jjl vfl iUP C->li ^ il-^-S/l '^s-y*A j' { J Sr ‘W’^iil 

.ij Jl j e>j ( C ) i— A yy.j K 0 c/j^" (ipy^' a y) ^o 

y <uf ( JLp ' .> j f yjJl oJL* ^ yi"j ciLiLiJ-l J^S/' '^-y^ jjL^S/' 

. c j K 0 uy </-^ ^ 


62 



So 3**— —v^Vl ^a*Jl ji y&y JU-^VI Jb J y>- iil-J* j 

Kq /j — * f , — ^ \ c£l Jb> 3 ~Ip y-& 5 s ? j Jly ^lapS/l yw?l j>x*j 

. Kj=2 X ° _^l Ait-w^JL jUaJTjj X J j K 0 y 3 J5^ IjiOy 

:JUIT CJ£.L>r 2 0 ^S\3 J 

^ £1 ^ aJ^ { a, b } j*/2 «P y- 0 d)y^-*J 4_P^»_^- 

,Cp Oy^oy (p ^21-^1 4uPj o-^:l LgJL^/3 ya 4y Jj>- t^ljLpya^ ^jl 

{a} , {b} , {a,b } 

J 4ib {a,b,C } j-s^bp Aj*>1 — J y> o ySo' 4P y^l cJliT lily 

(3 i~ ^ 2 J wllP L^^a_P Oy^oy L^-v^U 4_P ya_2rl y^« yj JJ>- cl^Lpyx^r 

{a} , {b} , {c}, {a,b} , {a,c} , {b,c} , {a,b,c} cp ^y oU y^ 

lU & yy .(_£y>-l 4_Py^37 4 j^ ^J-*iby Lo2> yjjl ^Jbdl ^JilC Cl^j>- 

. oLjU^JI y> yJj i yry yy^liT yfc y yL*-^ 

yyjljT JL cJiui yjl JjLJlI (_£Jj>-I "<PyUl SyS" ^ yyl* OlS^ -LflJ 


U *3 J&^3 S^LLl J y>- yuy 5 y 4 pLs^> J,] <jbliy I yiS^ 

:yJUl yJlj^Jl ^ ^y Leibnizian yUi^l jikdi 

°Lp ) Monads obyj yil ^Jr Machtigkeit 4Py<k^l 6 yi (^5^ b* 

y ^ Oby yil £y>Jr ^P y*3rl 6 yS ^ L> y ? 4_olil (j— TL*J Jj-P iblil 

? IjJI j /J 

<ij^' SyiJl ^y iplll ob y yil 4P y^£. J| y^Jlj yyilS" ^ybJ 

I 5*XP ilL* jl U=jj yPjy 4Jli]l 5 yflj I AjyjSfl Ob y yil W 

(_5 fl^S^I Jj ijlJul LgJ^> Ij^ly yP ^c^ySJjj 4j5^Jy Ajj ilijl 0 AjS> ypJj 

«2,l Jl, RJ l a yl 4^ Ipyil ^IwLP^AJ cuipya^- (^1 CL^ LjiJ jl ^ 
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i J' j v®' j j <jSCc Transfinite 

» 4 _jlj^*iaJl yM^liJ! ^_] y>- Ojy^ IjLv 23 ^ cy 3 3 

Li l^Jl ^ aJ»P yLl ^i^XpVLi 4j& LJ^ wS A^S' y^P y j yi LS"^ *A^- q jJLi 

ol — p yoji 4 JLflj-l aJI i*>Ui y\-J\ ^^Lp ojl4| ^ jJb>*Ji iJl^i 

J Li L^LXiul ,}!j_P^/i 0 Jufc j yXj < ^Jl ^4_olii ^A^jyJl jl 4jy Vi C^i J y yil 
y. ^ u» d-ji — *4 j ft 2 LaJi aJlp yLs ^iwLp^yi lii.g,. ,.]■?.,) o] 


.,/y^i Lft^^j 

i ^ «<v ■< > la 0 £^5 3 3 L-9 ^ 4_*3 I 1 *£ll_^ft JJ 

. -Mj-P^i i^JUbJ 2 Lw^jJIj yS/Li y y* JL» ^Si j y/» A>^y>w2Ji Jii^XpVi 

J UaJL* y 4 a Lp^il O^lJi pi y-^>tj J yjLT y^*T lilj-ft j 

ol p y*ji jiWi -> y>r j f y* y^ ^ytC. c^ilkLi AJliVUl oLp yJ^\ 

5 A >r <u LJLi 4 Li 0 J^L» 4 Vi ^iJLP^i oJwft jli C^jli^Lli 


A^yj (_£ y^Vi ^ j yXX.x aJlP^II *UpV1 aJL^* jU 4Jlit>L!l oLpyjii 

L)l Ij-l J-v 5 y 0 y cy ^ Lg ^/?> cj 2 j j yjiiT” ^Lpi iwXS-lftj Li 

^jj-pS/ 1 K " Lftj^/2>» jl (_£l oJUJl^r A-^-«^j V i-iiApi Vi C — ^^2 JiiwLpVi 

, ^Aj^jalLi y-P ^i 4_^o^jJi yP ) £• Uw? i i 


0 Jo Jor V ^iJLpi y»^/i A) Lp Jj 4_Ipjii ^i^LpVi 0} L*jT* J 

1 — c.j j 4—4 Lpjii jiiJLpVi — ULc Li a>&LJi»_ 4 A^jLgjJi g. U ., ^J i jsiJp-S/i L^ij 

oj -j yJ (j UiT Lgj^L^j ^Jl Al> ^USLj LiL \JlX\ 3y>- /y ^ 

^iJLP^i J L ■■ *** - LULjjI Jfljy lii JlS^Jj L^ ^1 olj 4ip^ii ^iJj^^i 

iwi — Svlftj 4 j ^_ft yM i g ^L?jg ->o (J 5 b»Lc a^Lxj^ <^ 5 ^ aj Lg_Jl g.l.^.* ^?i i 

. ^iJLp^i ^Pys^^ii jLzpV' jy^ 1 ^ ^Lpi 
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g;i_Jl 1900 fU ^Ul! j£\ ^ JLip 

Cr^ 3 dj£j jfj OjV - alpjll jIop^I— 4iU*l! sla of ^jb j A£p 

^ ^ s-£ Jj l-i* <3 ^ JJL-ll oUjf 

.(^_^2jtJl IjjU" Lfcj ijjj jlS" o ^JL a (_^l La jU ^Lp 

Kurt J *yr j^jikdlj ^b Jl I4J] Jv?y obb:} ^JU Si 

<J f 2 -*^ (j b^Lvl 1938 ^Lp tj Godel 

e 

O'*' j*j Zermelo-Frankel JSb > -jL-^j oUJL. JLp 1.1--^ 

Jajy ji U*j cK (jjl — " ^ U2UJ4 UiP^I AS^y^. jf obj I LiS" JUM 
*3*3 o* Ls^b V Uo>- j l-j UI.-I i oV M^IS" ^U- 

J — a*Ji j s ^' 1 — M i-U uju ^) Ju*ryi ^ ^ 

.(j^*>Ul 
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^ dU2 ^2 ka, j&X " 


jjplt 

5J‘ _ Vjl Oi J_ -V2 aS 1 iJi & (j 

<d ( c5 y 4,1 — dt <jdi — di) "oi j. $M" jf 



L_JI Jjl^ 


Paradoxes 'olijliit" 


ls ^ — dt (_s — d f olpyd? I h ^Jij (J <b j^r oLd>bil! 

c^iJl ^yill y>j Non-standard analysis tS jUUdl J\ J^Lxedl 

J E.Roninson Oj <4 aI yl ^ o,b Jl *i> jJo 

M *♦ 

' — 5 jj_yiLS'!>\JU ajm> ai. J ii L5 ^-J j 0^1 ULa ol.w 

c ~^ il — ^ J— i cJ^t ^Jl ol yd L.j lJbo4 


3 — --Lla) 3 jOJiPyUl" U,oJ>l o J& of odjf (^JJl j 

4 — AA bywvaj'j b J (^iLUiJyJ - Vy 

t -J^ 1 j ^dl ^ — b- ^ ^j| <Uj»JuA 1 aJLfc t AjJtds'yi 

•LS^ °d d~’ Jly^j ftp ^ jg\ J 

|J — ^ t2 - i'UiVl ^Ull ^ l jy AjOJi'Mj 1 o«.U- Li" j 

cSjU^Ul J__Ud1 C iJ £ Jl hjj$ IT-SUI O ./j 01 odjf 

1 — *'• c? ^ jbdl Jd>dl U»^p (^L5!dl) 

A 

^bT oy; r .j3oo ^aJif ^ ^ ij# |, ^ ^ j, ^ * 

-tf^i)'' (001 *-^L<V' yLiil a^f ysu ^JUl "J _^V'" 
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ji (3^' <^0 <Jl -^-3 Js^-d' '•^ b jj-^" 

5l°~ ■ -■ * ijj^zj ^JO’Ld' I _->L^>- pJ-P (J,^ — ’ 0>d' 

• LrL^ <3^-1 tO* 

I ji jup j A lii ijis-^U jJl jLd (j/ 4 (-Aw» j ^ — d 

L^^'j J^ ^ t S-^ (j^J- 5 j* ^L AjjjiilSdl 

J ; V c^t 0 jZ ' 3 t«up Li j O' ^pU^w-L (j^Aj ‘ V 

Ol-i^l aJu* JA u *yji\ iJl] Oy^' V U^" °'j 

& Lg-iP i 3 ^1 (J^lijlails tU^ju jJiaj 

^ M 

J jJU- :>L£j _^T ^*j:. (3' cL^° ^jaLslJ' <0y'-d' O-Uj 2jLlc. 

. oUaStd' oJUd 

U - J ^ j di ' — ^L j c_Hj ^ -^' Ai 

*♦ 

a s^iL^ 5 Jldlj (1897) Burali-Forti d,jy~Sby ^ 

4 c JLtfJ\ IJj jyj\ 2jJ33l 1 jp- \ J (1902) Frege-Russell 

. (1962) Bochenski Liar VJ*^' l^dp jlk^ gJ' 

o' Sjliil jl olOiiLud' 4*ds J _p- 'J4>r Ojd^ 015" *Li! 

I * 5 j£\ Jll^ dUij uli^l (JUsul) 

. o.5Jbcll oUasLd. p-g-0>yP wLP o'Jj *J?'yLJ' JJ 

JL_jU^j j_ Uaii ja i ^i' y* 4 jk- j' ^Ji gd J^-' 

I 1 jjAJI o yOMl jL?r V-d'-! 0iJAS"j 

.iiijai' J 'j-ily 
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<J 3 — Jli^Jl 0 J — Ij — Jai J J J JJl J y~ J yj IS" ^LalP-l jlS" 

^ jl J^P £?U jp La^Li o jV>Ui j oLs^b Jl 

I — ^\j6 a — jLif. 4 4 j^Ljt. I jJLvsdl ciJJJbJ 

^J^Jl ^UJl J_p- jjJj OLS" J jJrl 4V}U j 4 j j 

ji — n A&B ObJjJt : Jlill ( _ 5 1 a 9 ^Annihilation 

* 

Uliv B OlT lili I A+B >A , A+B < B L^Py^ j ydaJl 


SjlpL 


U^ 2 C Al ''■'’■ (J IJ-&J A+ OO = oo OLi i^XJtiLa yp Jfc'. I l 


^ ^4 (J ’■ S-^i Jy>- jy.^ 37 . 1 1 OIT IJJ tA~>.Lw^l ^^J-l 

UjLpIj yU'MJl JjpN/l c-^ij jUsds! IJL* y oJUi j-uj 

• Jap^II dljl ^Jp \J>jXiL 1 ajL-Ua* jjp blopl 

^ w^» ^u__Afi ol caJLii ^ jy jjd ir oir 




JAp^I j jf L^ujjaJ aJU*>U| JAP^I jl y y jy- 

dAp^i did jyiir <W ^jui jjUjij . vi^ji 


f- 


^lw\ p'yi 4 


U" 


4-b-o^P 


Ol—T Id L j LgJi Jjd] f.UJl o jJ^- o jj yii^Ul 4 JQj Jl aJL^JI 

. djjb ya jyj\S" JkJ J} Uj JiLv* jt 

£ JdP’f Adlp JLp jyoli" Jb>M UixA J 

£jy r -^' 4 ^ p '^-’d'U'dl ji Ip y A; y JJl f. J.I ls Ip ^ yyf j c ^Jup 
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Ojl Lock ^ j — ! JU*pI ^ S^Liu^lj 






i A».*., .£■.*.. a*., 1 A j 1 


1 j y~ — J i* Jj it Ji ‘- i ^ J 

4jIj t wj jJUUS" Lgiljj! l ^s. V jlM' IftbtX. Uli!>0U cj^Jj 

jj_vad I jt .ip^L j d Ji Jj— Sfi 

• e j* ts c£-4^' 

i j old| J jp- o'ifjb-tC. jjljliT 

4 4 .jUk^Ai! 6 ^Ss-S 4jlj4>ci*Ail J 4^1^"^^ olijLia 

ol SjU* "j Jljj JK ^ J j <^' 

* ^ 1821 (*Lp- (j jiUaJl Paradoxien des Unendlichen V^*^' 


"aJU^UI 


j} liJ (Ju^>- t ta S-'^ J\j ( 0>^“' ^ 

(juJ' £>Ul ,jy -bM ^ _pl jJjj JUp! <j§ oU-Jl 

. 2LiLjLJ--lj 4j.Lgjir( 

4 bLill aIjLxj (J oLdaSLdj J_^>- 4 j1jw*ai j_^dl5" ^ ^ 

-. a cJLdl (3 /Jl Jj^' cJb"j tl899 tJw3 ^ £* 

** ♦* 


>_»_, V-W ^ $ ijj L. JS^J 'Ar-* ‘fl u u - 1 ^ 1 

c 

.■M ' , ^LJ u Ji>bJ olifljl ilAptj K ^ 

jL_^l ^ jjilS" J&J <J?' ^ 
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jl yJ ^ I jl K Js- U>lc J&'b 4^> jjadt dXlj jLlpI ilpl l*JUP j 

if 

1SI — $ cl — J sj I J^-C La ^ bLu 01 k — ^7 O Olj ULc 5-J ^ 0 j^xj 

1 c^?-j Q. ^ UaX j>5i j jfCj 01 Jj^A3 c 8 ^y> £2 cJlS^ 


01 {J^ — flj 0>J-iP Ll^j>~1^j wLfl^ c4-j jll Js?ljr^/1 ^-* j ®^" c_£ 


. 8 <8 


a £ 


Lo ^ 4 — P ^ o >^- £2 ^) 0 lpl ^ Jfc&j) ^ 3 Lla 

01 1 : V^l ^ j^l cJ OJJi dL4 4i5 y j yj\S* j JLi! . (3i jL~x*) 

•j-^-^-j 0»Lc ^a iJ ^il ^lAp^yi £2 

4 L ^ J-^1 -^ l^Sfl ^ 5^ J J ^| A^^jJlj ^ J ^ LLj j <^ wi L oJL « 

»^]i^ ^ L p (_5 ji>- ^ <U ^jiju 0 11 !(4J0Lv^S f l) <^LiJl 


, 4 ^ wjLoJL « j ^ OL^'y (^1 £2 




_ A* 

c £ 2 <u 




2 ^il ^ jLp ^Li OJLa Ja La £- j^Jail Jlj 

« * 

jjiiLS" <— >Ufl Jij ? k IaSI cu~J li ji 4p iibjn U ^>-T ji-Ai; 


. UJs > 

zs 

yA' *Jl yji' J J.C.Konig dJbjT 4 j fJLi J yjAJl jU jJl jlT JiaJ 

4i — Li 4 — >-l 1904 ^ — p ^jJ-bLa (J JLap ^ajl ij^iL^/sb jJJ tiuJliii 

Ailft^j ^y>y jlS' ,4 jL>- (J jjilS”’ Lg-(p^l J ^Jl 0 jjPjl oUrlil! 

: v J^i ^JJl 


^ * l ‘ 


73 



s* 

dLJi j k Uif j jl V ojS jf " 

di — '>£ 1 — k^- Jlsu L-j jLsjjj Bernstein 

£ 

A > Ljj La ijjfcj a£?\J-\ ^LlUjO A^pj ^ip JUIpI UJlLP oIOJLj 


l/ 


?»- ^ j^JL^a L j^jiSO ^jlrj 4jjj j 15^" 


c * c , 

(3jl — Ll !wLs> y" ^ jjL-l ^1 p j* jl L j c c^liji ^£*aJI 

. Uli 4 _aJ 0 j^n-J 01 -J^ \& y*>j£: 4ji Ol I^OaPI 


: ijjpLxJl b jiaJl oU&SU^ / OtljLb .1 
01 { j—£jl v ^ll ^Ijlp^I 01 n :jyJlT bjx JyS 

\ iir LI ^jlp JT OX o* d ^ UJ V"V 

4 ^L^Ll 2 LJ JlI ^UpS/I jjTf 01 J ^1 J 51 ^JLp UJb Jbr Jj 

. ^l jip^i oJ-L ai^La j^>-T jjii 

*)\ — s Ajjliil j iJ^j li jl? j^>-^l ^-^*Jl IOj^i LOpI lij * 0> J J - ® d 
Jil -L&Lia^ LJ yi bJp ojLipL -l^iJ aj J iJJ U^j OjSC 01 -L 

^ J A **LlV}Ul aj^li Jj| JlP^I yS' [3 Oil (.AsJlxj V yb\ ^*AP ^ja 

, M 4j ^ b;ll oJuh J$ ^siLj I Jl& j ca^L^>t>lJl aJ jil ^lAP^I j £ I 

4 — zxa jj p Jif ^Liil ^wUjl <J "'jj^ b" ^ 7^ Jj-£> 

4 ib^ class ji set ls-y^ a jLif-b 
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<_£l) Lg 15" a jaLiII pUpfy pJlp jl jU ,j^- 4il ■ J-^j J J 

J-*- ^ 4j I ^ ^ 0 1 L^r 1 JT 4-P^o^- 

. ^j^slsIjJ Ijjkj t^Jli £j2*S' \ I 4jIS 

s' ^ 

J-«p: — jo L/2 j I a5xJ j 5 j > dJ Uij La jjTl ajS| aJIp ( J_p J^joV 
N ^Jl ( k^o>U~I (J JjJ (_J *^»Ls4l ^ S j^k5" AP OjLlplj AjIp j^Ip 

. " 2 Ulp JIp 

o y]\ J JjA^- jJLi> — ryi JliiLi -uSjLii J^j jj j 

A^ojj i j jil^ v Jjiil pi yty O jii (>U (“ 

vjJ Ip ^ Ipli j*l aJp (_jL 4 01 « JgJ ^ _jll pI J l JL?-1 j- 4 

^ Iplj jj aijj j/ jj jJl jj 2 Ajl Jp u a± i ^ jjl J? _ r jJL JjP-I jii 

Oj ®U V jJJl jji JL 4 jl Jb j! aJ^ L^j Jij aJp ji4 

. ! ! ! AixJuii j jj L& j 

J 4 AjjJaiil apLviJIj A3 jLL* Jl J^j Ls> jj jUa3P-b 

_sjJl jj L Jl jOkPJ AP P _p- J jlxj jiL* 


V 4 . 


■<j£j l 


? gr*^ 

J) Ao*JaJl pIjlp^I yUV y> Jjj/1 tAJlijUl ^ jlpj iiL* 

Ool P ^x^^l ^pjl lj_ft ^Jp (JJajj) JlSli ^gA-1 (jolp Ajl 
j 3 pjxos4l j^Sjj N 0 jJ*> (^Lill) (JjMvsS/I UpOp jjj ^Jlj 

z* •* «« 


. 1 1 6^ i3_>L jl 5 j._U ; (_5 JUoiJl Ju-P. 
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cj— ^ dL_L- j_ — aJJ aJjUJ! A & rli ) wUli Sjjli 4 JU-I 3 Ju& 

** *♦ 

f j Jt U! .siJLP^I 4 _P ^^4 ^>-ij J,' Ij jjUa;/>U 


1 jl JLiM ^5 4 LiC c£-Lt j-g3 ^>-^1 


Jl — s^t>U i-La j^a^j S^Lpj C j £> <iLLl oJLft J 


y 


C f J,'%^'^\ si-lP Oj 5 \j h*- (j\j C4 jjl jf 

(3 jf (5 ji^ii ,j JJaii-J.15" ^-1 J5^i (^T ^ UaJ jJaii 

ol Jl-Lp-Vi CjB aijJ (ols-UaiJl) CjIpI yiil ^>- j ’? i yaJl 

. *J jJl 


i Jii 1908 (“l — p j E.Zermelo j- 


jji 


oLajJI 4 _p 

.^u Jii Lg-ip ^Ji 4 ^ii^J.I -U jJ^2iLl j _LijJl 

*• 

<u5\J j l_ 3 jjt >5 j\p j 3 j^p apj^ 5 tI 

* olL-a-A oL^-lJ 
»* » 

dLUij c^l^i Jai ^ f~y^ *£ . ' y~ j^yj ^y 

y 3 j\ SJl jLiJl 1 Jub J jb- Jij . . 4 CjU-L^> Js- Lg— ■j-'ti 

Oi — { <j jp i_5^' “*i f.Li>jb viJJij 

if 

jyj 1 r JL^p U> 2:^.>rU oLLil £-1 LaljUla 3 
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— Si j Selection Lg-Jl 

.^Reducibiiity 

( ^ j>- 1 L & ^>\jj cL* -b-C j <LJj y* 4-il.S 4 j 1 IJ> ^Jl <L<jL~wfl 

^ — liljJJ Jli) . Li^ljv Lft^ilS^j Cl^>- A-J J^\ y* 

L<s^ *1$*" 0 L*JjLP ^jdl3 lSv!L« 

^ ij j Axiom of Choice jL^^i 4-Aaj" ^ tAi* oA>iiJ 

4 Jl^ 


u 


air } 


j\ P CjLpja^ 4j jT.4 4P j-»-St j_A oc C-J iriii :< > 

a — ^lj j^is> Js> iSj^l z j&ii y Ajli a,b,c, 


• oUjU I jJJj ^ Ji*yi JLp 

4 — jyjsj 4 « &a-jJl oJ a 4*rJj (^ajl f j 1 ^^aJi ^_j p ^ ^ 

j — ^ l~L«> Las y» ij-ijal jJl ( _/‘ 2 - ,t j Oli aalp 

f J p Ji dUi> j r-Jl 3j*±3 Ly^' 

. jl \^i>x^> oLj! y* 

hj&t K.Godel o j ^L p 1938 ^Ip 

4 — J O^hj U^pxjc a^jlJI oJla ^15 c^p- n JU j^I^I 

lS J — * ^ -^-4j Ax^Jj <J§ ^ j-P^ll JJ^-I 0^ 


JhXJl • 


jjJjv L5 fi CL? j^\ oLa^Jl 


122 ^0 l -t— iJ jl' 
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j\ pP^I 4 *AJj jl Jl La yj> cjLp I b Ja. j J L^JLp i_3jbiil 

fb I — « (j _^^l La wlj ij j ln^ bl o j 1 ^ bXj mJ 

y^l s (3 jjL«il) oU 3 j J ij (j b _pr j» ( j23ldl 

.l^J (_y>b" oJuiil oLpj-<^I b JaJ 4_~~Jb bJ-iOS” 

■5J rJ i j?r j A£ 4jI 4jjj^>LxJI ( jL<2j'yi *Uv3 j£ 

a 01 — S’” bl — s <.jy> JL jCj* J^f jf K ^y* j>S”l ^Jl^V (30 LaI 

a«£ N 0 j' a t* x i ^ L^l bap 

2 jA-LS"" (J l ..<0* *^1 bbp j& il^-1 J}Cc Ol Iv2jI Oil 

4 P J ./9* *S|I 4_b^ J Jl 49L/ 5 VL cCjLp^o-^I 4j JiJ 4-iL/J 

2L_i>j J ^1 S' jaSldl 01 C^L" Jl OLj jj Sa-Sil 

^L_^l ^ RJ i_3l jXpV' I*Xa Ji» Jl J Jlj o-Uiil oIp j — «^ 4l 

C4 ^5 ^jljj ^ 4X^2-R-L J 

Ji j j j jr*J f ^ ij* ^ji 

ji l .*Jl d-LuSil /y» 

. jLLwbi^ U^-wdS^j ^ ^ js^ 

V JL^I y> jl ^ Lg-^I ^ 

♦4 

4 pLv? jA Ji ^?r £- 01 j»-Pj t L5 L*j | N J^^!j L^LiJ-i 

Of 4 jh jJl 4 )*>L>- ja jSj c ^Jl SaJil oIpj^I 4j JiJ ji 
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u A Cj~j~ 





r 


jj 4_st-^Lx)i ^jA ^Juj u^jLi jlS_> 1963 

jl j 2jL^>3 J jj>- ^\ 4Jxj jjDI AslaV?*- 

aJ>> oOt j& c-J ^L^S /1 L j JJO jl £-1 jls'Vi 

1 — p 3 Abdi Field ojjL>r <S c— >r^ L*Lc i Ju Ju>- 0l£" SjL^Al 


Ojw?l — l A — i (* j — ^ 0>j^ .1966 

— jJI I jjb 015 ^ .<_£ J j^O (j Jj jJ ojJl?p 0 *^ oJl& <J;>Irjj 

. Paul Cohen j-* J jj y»S/i ^p\± ^ 

^ -ft J) t 4 iL 0 4 -lS 0 l ^4 ijj ) , ^ J>rl^J 0 O^^ wUL) 


l*i — * <j — * — UdJ ?3ihL^ jajp jl 4 : ^ U J\ J^Jrl Jj& 

ol!l jf oL?l L.I iiL* cjjtil 

3jl ^*0.1 dwLft> cJ^^~ _,^ZiJl ^jjti 4j ^JJSj JJl ^3*^1 

V OJJ 0 S”~ j 4 iL?L>- 0 ^xj 01 l j 5 ot ^ 01 

<3 ^ ^j^c* *V <wi-® j Or^" 35^Ls^ 0 01 


l <S A 


4jj — *- v^0lj . Undecideable ^ j&" jl j=§ Jl JJbL^J jjP 

£ 5! jJLj j-OLil Lgil v^aOl ^JlPj 4^L) ^1 ol Ll 4_£-t_A ^ (j 


-k_jL| J a_J«df J i« 5^ ^1 ^AUll ^ iil^i t{J -j-sM 

iJ_>Jl ® ^51 jJi (J jj)ij LA jj-J ^-1 . . "(^ 
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J,l ^iLs^ .j^ALiil ^fJJj j y2J 1 

^ sauJU SAT j ^-bdl J>| to^JL ^jllill Ju j ? x^\j JL^ij” 

•4 

3 — T^J jl OLjl jJLp iiLa i LaJl ^is aj y>-^J I ilwlpSlI 

(J^j — — — &£ LowS^ J .^JtSljJl 2 Lsjl (Jj i^sr^a .il-Ap^fl oJl& jjJLsr 

o~~J iJjJl uylji 0 } G.Frege ^ J (J,liS/l ^kdlj 

. 3jj. ; )i?ll jjul y Lil iswjaJl (jyl y 

^ jjJ-y C^AJl L5 ip ^ALS l/^Ij 

Jic Ajli 0>- j ^JJlj Oj^jjj fUl y \ yS/l ^ikdlj Jl 


^ J tl4 j^S dl.il J ^v?b _JS JJb-oJl 4-owlj^ (Jj IJjJjj^- b 

.Leibniz ^llS/l j~J-AJlj ^*>b ^ <Ji JJ^^I I A* jjA*- 

c Jl jJ SI J ^LJ J^JUl ^S^Jl jl "^S ^ii" j^J J jl>- JLiJ 

^j *jJl jl g.Lbj.i]| 3 5 JL^- 1 j aJ ajj JllP lj^>- A>-b* ^Jt a ^U^Jl dJJj 

*4 

Os. I — Sr- ^ >- iillijT y>Jlj sU^ijl li!L»^> cJI5" jJLS) 

y — oi U ^Sol j (( 015 C.JI y& j o-l j i_JlS J Uys 4 .ij 3 ~^Jl 


Os’ 


</i x 


a $ 

Infinitely " j k^a Jl J 3Jli*>Ub flbaw^u il iljlp^l ^y# IwAjO^r Lpy 

^ — p ^ 3 aliail 3u»yL5l ^ J^p\ 0 ,jjl ^I-IpS/' small 

jl 3j y^s^l il-lp^l Lyip yiislj . j JL* d \ L-^TJ-^ 

Jr — "l .c«.J -l + J.-LP ^Ij-^P^/I dwb& wLflJ^ « \ I (J A-*_&Lnl! 
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L> 


* A A <«^ua. L 1 ^ l -i & ^ A-tjz^} I 


• cjV' — J — iJl v>l — ^1 j 2 JljJl lh_ JL* ^JyJ 

.ji*aJl j aLi^ Jj sjyu^y jld-1 y> dx c~>>- f(x)=f(x+dx)f(x)/dx 
— J jy 1 ^ ojLp y*aJl j oLatddj 


jj — P jU J oLabiil o-La jl lOlu ‘i/j S^sr jil .iljp^L 

1 * ^Jj 1 J^LaJl 4^t-»>waJl I-LpS/I ii jl— ' dJLi— j 1 g :^'j iLoLp 


LaXj JiJ . i _ — &> • Jl>- yuJ Lgjp ylll -Lils LiM Ly-^j 


.L^-JJl Is- r ls\ l*A^ — 0 iiljJl lazJu^ OLJ yj L^j J yjyj 

J* J? 

L-ljJ \jjk* yuT L^Hopital Ja j ^ (Sj-jj- Jl ^L Jl if 


Lr*-* J 


jw 5 ' — J J\ 


yp'yi y> oir j^iScJi j jo?uoi (3 

j-bJl Of V] i y*ail j oLftluil a -La j yv y 
J-LJl -L-io yg^lual J.J- p-iLOj-i J La y>- LsUL-l 

£ <J^' Jar-' 1 (_5^ yg-L. Jjj C yvajl j obLylj 

1 a jLyl J i*aJ| j oLabsll Jy- ^J^S" J y /2 J olS' -LaJ 

r ^— ** J! «-sL-5 j J lift c yl^Jl Jl yyi" 5 oil 

Oi : i'^’ Oy (3>fl OjJo 1-UP ^jf Sjyajj .Limit 'lLg-Jl" 

j laJl J 4yLiz* g cJlS" liLi .a-b jyjLj .JwaJl L-ftLu« bja 
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i/e dj£j j ^ ^ cy* ^ 1/e ^ yyj 




N+l j N '-= ft Oh V Oin^ 0 


(jp-^ <J' Oh 


. 1/£=N 

jj is Jt^s } I j ol^'-^O'O' J _p- jy^> J& '- 4 ' 

i jiaL- jjj ( < _ 5 ^ju1i fr ij_j U) sipjii a'apty o' (0'^' «j'^i o* 

I .li ' *zlu> O' — 5 " j t c^U-j^ dOjJ 

oO_^ 4 Ld l * jkPj yl£M yJ' 

li a IJJ .4jJ_gJr' \J>jy*P d' 4 4 ^a1' O'* l / 2j 0,‘ 2 ^~' 

a .^ ra- 1 £L i'JpSl' OAlj <Pj-« 44 (J 4jj jjvaO' 

.4-OjO<-* o'jwjiJ j' y>-T d' j d' (J,| J 


4-. 


oUaA' 


Olk^> 


yUoU' i ^ &1 ; to^Jsu ^ 0>jp^ jjh^ ^ 




^ Vjj- JUp' ^ yii' j otij gJl ^ 

(j 4 JliO'Jl j ji jjO' ^ J^J '■^y ‘•o^jy‘3 “^-J 

L? O' f UJ_p- 1886 l>\* j Oiiij li ^4^ L? 


■ >*Jl J 4 jU^l J*>-. 


f- 


o 
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i_J Jj! (Jl «_C-I Jj J y>-l oI.Ap'^/I (J y>- as . j Jij Jlyfl 

f -*— * ^ ^ ^ 111 -JUp^ jlUl yb Jl Osa->V Jl 

• V J jLo-fJ yp^l 

“^Jl l>HVlj (4**-LlIl) ■il-Xp'yi jyjlS”" yp| 

p ^ 

•ilap^l (j 01 Ulajl p-£-jj ad*Jl ^ jg al, bljiial 

' £ i LS ^ -iLilj OjliOUl ya yT ^ y 4 pLv3 jJ> <Uy aIp J l 

P p 

01 ; Uajl £_yj .^ij—k} £A jilyj V U_j3 4^U oUrlui^l 

4J JiJ Jb4 yp £-y£ N/ Olj jil yj" 01 oLjli*>lJl yP 4j Jij 4 j! 

. 4itlj jwJ (jJJJJ li%>L J aIpjII ^IJlpN/! 

J^-vvJ la iix^fj L^ly UpO 0 jjh 4 J 4 jUl JLiiiM Jl ^JuOajj 


•ijVl (_Jp yib ^Jl yjJ*' jf 4*V?1>- yfc Aj 

0U clftjs _/1 a!I C£jb~ i ^ (jyv2X) Of yi^sl) |jj>r jJsv? .idP <_£l 

j a — JLi*>Uli |j ^ \ Jy g ( 7 y v2 j ol ja «-ip aJ Sjjdl olil^VI 

j — 4 1 t_P^ J-^' y> y 5 l aOP y yJyJ Jllp jj I 


(Za<l j a=0 ) JL»-l J|/Sjl>- J l 

LS — *0 1- hJ U ^ J 1$ 1' 50y ll y» Oy^Ljj jUaJl All 

>viil j y Lau y. alajJ yp 5 jLp y yij y^aJl j aJ{ i^Ul 

— rt ** 

Jlf-Jlj . AJJ.UJ1 Jlap^/I yJUa^ J^ Lg_£3j jLa J 4 yrya la! 
^1 — ^ i_r — ^ i >^Jl J aJbtyJl oJlT bl cLa ^ykil 
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t_ -S4p / jk ^£>\ J 0 j^sJ i_JL^3 tiolsjl 

.Aiju Jaildl y iJLgi ?<_£.ilp 

i-; I .y ivrll oJLfi U- 3 SJtll -uj 

y— -i^J ! 3 ‘■— “*! jjLA^Ul ^glp {£ i ^-^ ' i_s^ l/* 1 jiJ 

c ^ 

{.l__s<l9 jjfc M yj ,A^i r JeJ~\ ^Uii) L^^—" 

3 ~ A _/ y- sjly L 3 aL?~ tiJifLij! Ail! I Lj 

Oi 1 *1 L 3 aJLs^ (_£l y*-! ( jy£. .43-ils^ 5 _y jl 2i^L^ Oj^sj 43 M 

Ji£ o^-K 2LJr! oi-*> J>^s L^ij j! 0 j^J 

*1— Jl y i M U .K JO& M 3^J Ai^UJl J-Jrl 

y — £j: jtfj UP cK J! (_y^ 3 !' aS^UsJI J»jM l^U' yy 1 ^' 

*♦ ♦* 

K J 4^>U r- lli Uajl iJL* J cUi J* y> K ^ O' 

p L«li y-l <w»lj c->!?.! — j iiU^ 3 ^ aj — :■*-'“ yj* 

. k y- r-iU U=y' •*" y>j M U yy 
(j ^-iii ^Ijlp^I L^-J-p jj-U^ ^I-^p! ijb-& 

2i jjiUJl aJJ^I ;>1JlpS/I JLp Hyperreals Numbers 

lil ^ y> x->^ *Ji Oj5oj t4j jL*ii j^pj (5j jL^|/a^LI31) 

^SCjlS ^ ^9 ^SU£L>- C^i ^ ^Uikil C-J^ 

[M.M*] d yiJl j 0 j xOj& L* **\* j X <M M 

Am'uC, \ ^ ^ 
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*jl (1. 


-tj) y t 


Oj — 01 i*ji>c3ji j>J S' ”d* 3 (jJjdll ^tfj.a.j-1 

"" *■* 

x jU .x^a o^U- ^iSxjj JjU?- 

*( Std x)=0 J^]\ (j x OLj JL^jj x-^y j-& y j 

^ Jj>d — c*0 ji 1872 ^l-P AjLgjJl y^JU* ^yj\ JLZ j jJb <w3 ^p Uj^p j 

J — J (j LMil ^Jl 4_JbU ^J>J j yL^ail (J Adfchlil oLuJxJl 

yUbtf lpjLL U (ji 1960 ^Lp J jlT d^L^SJl dJJb“ 

Jl — <*- pI ijlj jJ k k& Ijl — dj l — xA^CJl l,^ JUL d^Lw^Lv*#! J ji 

4 — J c~Ld — dl c5wlllj <_£ l ^L Jl LL>dJl Jj>- j j-^djjj 

• J" ' k ~- ^ p-s^L®- 4 ^y Laija^s y-^aJl 3 4ybdl djU^SsiJ <> . a U : 1 1 4. 

Infinitesimal ydl 3 ^ylull 01 dp 4jyjLll 

I 4 1 j&a/S il jr^ 5 " I .^r J 5 .Jp <j\ ^>9 lw\» 2 ^- I jJn^S ^Jp 

p (£\ jvS"l j — gi ^JUi y^Jl J ^Liil ^J^Jl 

J>i L-AJjXl 1| Ij-gj C jd « /?l l ^s-v^l 4-^Jj 


L5“ 


Ip ywJl j oUts/jUl Jl OjJid Jl ^Jpt 015" " 


J*. 


■^i Ij-U-j " OiJi y piyJb J " pUjf <_£ y* cud lit 


01 — 5 " L^» oJiij id'd’ 1 jU 3 ydl j oLaLuuO^I c_~a 4 

." b jiaJ U> j»_^ipLuu- 1 pJlP 

ji — P iUi UaJl (j £-Hj eJLft olObidl Oli y^l <3 t— - j yJlj 

01 £^&\j}\ y> y^)j .. « ObyP yCjo cJlj bi j ^jUlil 
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.Lp f Ap (U^- C-~>- LajI^pIj 4jl_gJl jfij 4prJ 

• a Jj 

<? Ays j _^' JsiJLP-S f l 4-U A^- J* 

j? J? ** ^ 

<Lj jli ^IjlpS/I < 1)1 wX^c_wj ^L> I j OVI 
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«Jr! CLjVAaS- J (jyJlj J ) lOLp 

e +e=2e 01—9 c jk^si I j v>Ll* a^ e CJIS" IS! tVloO u_^ ^Ij 

J' — Cr-^J 4 — 2 ^-ull Ju^ jJ*o liO 2+e J] W 

.2.i-UJl CxkSlll 0J-L> 0J j_Ljj 2 .i^-bdl ^lp jS"” j (_£ J g 

^ ^ — H a — 9 j^aIi aj^LsJi (^Jij ^jb ajuji .^ijpVO 

jjUll jU p^l U — ip jlla. Jojlp c *>0u UJJI j>lJtpN/lT 

Or- 4 <J_p- 0 jjSj a iS j0*-* ^-Lp JSCi Standard 

Jwl ^ < ^4 P (jJ^J Ia j-^-St A^P t_jObi£ c- 

‘UaU2« A-^oJ?"” £ C~a>- 2+6 OjSwv aJ (_£jLa_2^>\jl iJjJl jO 2i_5jO*ll 


.AJj-A^AJ jO jLtfJ I (j 

t5 — Jlup j aj J jSn Oy jj^=> (*LO £j \ ^Jl j ^ 

^ — *"*ii 2=2+8 '0 $s_& aJLu«J| Ojj-* ail; 2 JUjOI AjOS"" *>lioO 

2 + £~2.J,I i!l ^jIp O^hsT (JOiflj j 2^2+e \ j^~\ tjy&S\ 


• 2 8 c_a jii: 0>-Up2 + el£1 

a-aO^ 1 e cJlS^ lit VI c 2 l5jI— j V cO' 2+8 = 2 t ^Jj 

.8=0 i_cSvjj yju^Jl 

'U Lj — k^2]\ j caUiJ. 1 c^LOxll a_oL-JO jlpI ,iU A.^vil. 0.1 


‘ J— t3 V>^ e JijxS : VVI JIpI jiil j^J- of 

. VVI Cpljiil <jJL£ a^*0xJI .iJJj 00 e^tO ^ yO^ 1 ^ 

e+e =e .1 


E — (3ji JUP X 8 .2 
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.3 


do — do “boo 

(oo ^J\J> 3*i-P n) n + n = n A 
**■ 

l/oo = e j 1/8= oo .5 

iAp l/n .6 

*♦ 

8 x oo jl Xe x n j ^ jl^ OwXpli jj V .7 

aJLr ^ J 01 ^ j- 1 J-V^-Ol Oi 

I Juki >r 6j j\ A Jj lA (S JiJl (w-JlJrl I JJ-V^ Ji^LLil 

if 

\ aJjs* oIJlSIjj <_£ ^>-^1 ^Lil (3 4-Oo-sJl oLaJsjJl Ojj Op^J 

&Ijl!I 2b Itc. 4^- y&\ iJiftj Jl ^\iyJd\ (3 

a uJLa 3 Jl ^ 5-Lfti (3 1883 L5 ^ caJU^I (3 

oLp j^j^I 4j Jsj (3 JjL^Al (S'^'l 0} • 

<. ^ 3 4 ^ o 5 J 2 J l£~^ y* Aiipi lot s-y^j 

(jj z£ JUl Grundlagen einer allgemeinen Mannigfaltigkeitslehre 

J S^J ?r ji\ oi o yJi\ L$y> j' (jb^ 

O .o- t(U J jLd> j tj\ Ub/" (^' ^ L5^) ^ sJ ' 

*-_J ^il oUj^! J Anzahl f UJ' f Ji J 7 

f 

."3J jll jlJLP^' J3-I* J cWi 
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j Ol£ 3-^UM p^Ldil 


L 5 




! Set 

j . I-Lpr Uj ^rj 2^ ^jtll j djjLaJill i y^ ^-^7 iS^ (^5^ 

Empty Set I S^SL^-t 


• { } j' <t> yjk u >v-j <J> ^ ***->* ^ 

Subset : 5Jj^t 

iSj — ^ y>A j y> "a" j JT OIT lil 

• A ci B <Cj j>r *cp ls^ ^ Oi ^JLcj ^-j ^ cB 

Universal Set I ALaLiJt 4 &'jaJ?'\ 


» L^3 2 ^J' jj>- ^o^r! d) 4 -P L 5 ^ 

** *♦ 

: jls ^ B,A oJli" lil 

Union l5 ^— J Alj5 = {x:xgA jt jcefi} 

Intersection ^UiJl Uv?U£ j AC\B ={t: te A jxe £} 
Difference <i yii' W>l£ L5 ^— j" AIB = {x : X e .4 j Jt^ fi} 
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♦* 44 « 

^3 ^ A& y&jX; ^Lp h *£ X AS' ^l_L& X>r y> 

tx (^| o! { y } jj y ^l^-i JU c x. y taj 

. a^j L^'V xs Lp^o^- j>j^>tjj .^Ip Lv 2 jI a^jlJI 

[3x: (j),yG x&y u{y}e x3 Infinite set] 

: LJU^AJi *Lp ( ) 4J|jJ( 4jU 

J,1 x JjJ — j 1 — *Jxp 3 ; = f(x) 4 — lljJl ajU l ^-uU Jli 

L - lim f{x) yii^l 

x— >-t-°° 

, \a^ A^iXaJ 

{b : b<a}3-P j^4l 01 e£-Ul ^ j3 1 ^ 

9 * 

• a u* J"^" X - 5 ' JlP ^' ^r* 

0 = {&;£ < 0}= <p 

1 = {b: 6 <l}={o}=-( 0 } 

2 = {fc:fc<2}={0,l}=ft,M 

3 = {b : Z> < 3}- {0,1,2}= fafol {<£, {0}}} 

* 

ft) = {0,1,2, } 

ft) + +1 = {0,1,2, ft)} 

ft) + ft) = {0,1,2, ft), ft) + l,ft) + 2, } 

ft) 2 = {0,1,2, ft), ft) + 1, ft).2,ft).2 + l,....ft).3, } 


yjl Joi 
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VI 17 j 57 j oL^VI Oj-L£ 


y> L5" tJ*2i bjM^\ 49 j *JliSn j iwJ yiJl 30 jk LJ yiJlj 

. o^A-pl |J§ 

I 4> jkj 

^ c^lpj^5rl 4j^kJ c^xJl j5kJi Jic 

<S ^ J fO*Jl ^ I^Jj 4_J yJl :>Qpty JLp c£>^ 

* 1 Laojprj ^JkJl e-i ^Jkil aOLA*>IJI 

(N<u*^ kJl jldp^l ap c£jl~j) j^Up! Jjf © =N 0 

,j^“ jj" Jj' j (JliV ^Jp jlj : k, 

VI ** “7 H 1 

S.iJjC^ 4-JL&V <LJ*>k?l ^l4p| 4jLw«j ^V-v^I Jlp J j! 


* * 

* jy^i ^ jh I 1-^ j^p -^J-p k = K 


j>op J jl k 


'l -oLA^-H 4j>*LS^ 4j c-3^X«j j 01 4-flJJflJkl iOLA VJl Q 

— P W p ^ y* Cr^- V '-fJi (jP^. ^ ^ 


• jp^ yy 


JL>- 


Jjl — 4 j J^2j <J§ 4_>jLA-I O 3 L-Ojjjl j CjI^S/I 


^IJupN/l — > ( J — \jc5 c. 
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_^4j ^i Ji^i ik^ j^p oi 
. JUM I Jl* (j J L®i jj^> LA Oj^xj aJ^Ls^S/I 
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j^IuLS | *$ 4 JLax 


_j>u^ jl^s JUSl^j^JI iddUll 


4o^Jii_o iA <^»l.'s»tl Ammj, m 1 I j X^ x &) i ,.. &X I 


CiLuL^j^yUlj ljL^ I 
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jl 3 Jl !l jb col & y±£\ 4 J :cJ>^ X*j£ 2y>j£-,3 
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^Jb\i . 3 4_*^ y cLJLj>- (3 oL-z^L j-^ • yjy^lSsJ^ j .4 

198V y^\Ji 43 ^yL*l l_£* 

0 y2il aJi c2^ <w3ji *il jb 4^J-«-*j y jt 4-fl-^ J 3 | jl .5 
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IJL! yjl 4 jL-mJjjJ 1 4lH>- La j (jj-L)j ! 4v2jyp Jw^5^- J^o-5^ , 6 

1994 o jyn — ^JLjJI jb 
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